ii8i^  av 


1  March  1972 
AD 


Materiel  Test  Procedure  3-1-005 
U.  S.  Army  Field  Artillery  Board 


ft  *4  bv 

national  technical 

INFORMATION  SERVICE 


(•finghfM.  V*  JUST 


D  D  C 


2<1D 

APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  UNLIMITED 


Reproduced  From 
Best  Available  Copy 


MTP  3-1-005 
1  March  1972 


TABLE  OF  CONTENTS 


Paragraph 

1. 

2. 

3 

4. 

4.1 

4.2 

4.3 

4.4 

4.4.1 

4.4.2 

4.4.3 

4.4.4 
4.5 

4.5.1 

4.5.2 

4.5.3 

4.5.4 

4.5.5 

4.6 

4.7 

4.8 

4.8.1 

4.8.2 

4.9 

4.10 

4.11 

4.12 

4.13 

4.14 


GLOSSARY 

PURPOSE. 

SCOPE. 

BACKGROUND 

CONCEPTS. 

Population  and  Sample. 

Failure. 

Distribution 

Measures  of  Central  Location. 

Mean. 

Median. 

Mode. 

Midrange. 

Measures  of  Dispersion. 

Standard  Deviation 
Range. 

Mean  Deviation. 

Probable ‘Error  (Range,  Deflection,  and  Height 
of  Burst). 

Circular  Probable  Error 
Reliability 

Test  of  a  Statistical  Hypothesis. 

Types  of  Error. 

Type  I  Error. 

Type  II  Error. 

Level  of  Significance. 

Confidence  Interval,  Limits,  and  Level. 

Significant  Difference 

Degrees  of  Freedom. 

Operating-Characteristic  Curve. 

Amount  of  Error  when  Determining 
Sample  Size. 

ii 


Page 

vii 

1 

1 

1 

2 

2 

2 

2 

4 

4 

4 

6 

6 

6 

6 

7 

7 

7 

8 
8 
9 

10 

10 

10 

10 

10 

12 

13 

13 

14 


Reproduced  From 
Best  Available  Copy 


REPRODUCTION  QUALITY  NOTICE 


This  document  is  the  best  quality  available.  The  copy  furnished 
to  DTIC  contained  pages  that  may  have  the  following  quality 
problems: 

•  Pages  smaller  or  larger  than  normal. 

•  Pages  with  background  color  or  light  colored  printing. 

•  Pages  with  small  type  or  poor  pnrrting;  and  or 

•  Pages  with  continuous  tone  material  or  color 
photographs. 

Due  to  various  output  media  available  these  conditions  may  or 
may  not  cause  poor  legibility  in  the  microfiche  or  haracopy  output 
you  receive. 


□  If  this  block  is  checked,  the  copy  furnished  to  DTIC 
contained  pages  with  color  printing,  that  when  reproduced  in 
Black  and  White,  may  change  detail  of  the  original  copy. 


MTP  3-1-005 
1  March  1972 


Paragraph  Page 

4.15  Particular  Distributions.  15 

4.15.1  Normal  Distribution.  15 

4.15.2  Bivariate  Normal  Distribution.  15 

4.15.3  Binomial  Distribution.  17 

4.15.4  Poisson  Distribution.  13 

4.15.5  Exponential  Distribution.  19 

4.15.6  Student  t  Distribution.  19 

4.15.7  F  Distribution.  20 

4.15.8  Chi-square  Distribution.  20 

4.16  Round  Off  Procedures.  22 

5.  MEDIAN  24 

6.  MEAN.  it 


6.1  '  Estimate  of  the  Population  Mean  (y).  26 

6.1.1  Best  Single  Estimate  of  u .  26 

6.1.2  Confidence  Interval  Estimates.  27 

6. 1.2.1  Two-Sided  Interval  with  o  Unknown.  27 

6. 1.2. 2  One-Sided  Interval  with  a  Jnknown.  29 

6. 1.2. 3  Two-Sided  Interval  with  a  Known.  30 

6. 1.2. 4  One-Sided  Interval  with  o  Known.  32 

6.1.3  Sample  Size  Required  to  Estimate  the  33 

Population  Mean. 

6. 1.3.1  Sample  Size  Required  to  Estimate  jj  33 

with  o  Unknown. 

6. 1.3. 2  Sample  Size  Required  to  Estimate  u  35 

with  0  Known. 

6.2  Comparing  an  Observed  Mean  (X)  to  a  3^ 

Requirement  (y0). 

6.2.1  X  Greater  Than  y0.  37 

6.2. 1.1  X  Greater  Than  u0  with  c  Unknown.  37 

6. 2. 1.2  X  Greater  Than  with  0  Known.  28 

6.2.2  X  Less  Than  yQ.  ' 

6.2.2. 1  X  Less  Than  yQ  with  0  Unknown.  40 

6. 2. 2. 2  X  Less  Than  yQ  with  0  Known.  43 


lii 

Reproduced  From 
Best  Available  Copy 


MTP  3-1-005 
1  March  1972 


Paragraph 

Page 

6.2.3 

Determination  of  Sample  Size. 

43 

6.3 

Comparing  Two  Observed  Means. 

45 

6.3.1 

Greater  Than  X0. 

46 

6. 3. 1.1 

o  and  a.  Unknown  but  Assumed  Equal. 

A  D 

46 

6. 3. 1.2 

o  and  o  Unknown  but  Assumed  Unequal. 

A  B 

49 

6. 3.1. 3 

and  0^  unown  from  Previous  Experience. 

51 

6. 3. 1.4 

Paired  Observations. 

53 

6. 3. 1.5 

Determination  of  Sample  Size. 

54 

6.3.2 

Comparing  the  Means  of  Several  Products. 

59 

7. 

STANDARD  DEVIATION. 

64 

7.1 

Estimate  of  the  Population  Standard 

Deviation(s) . 

64 

7.1.1 

Best  Single  Estimate  of  s. 

64 

7.1.2 

Confidence  Interval  Estimates. 

65 

7.1.2. 1 

Two-Sided  Interval. 

65 

7. 1.2. 2 

One-Sided  Interval. 

67 

7.1.3 

Sample  Size  Required  to  Estimate  the  Pppulatlon 
Standard  Deviation. 

68 

7.2 

Comparing  an  Observed  Standard  Deviation 
(s)  to  a  Requirement  (oQ). 

69 

7.2.1 

s  Greater  Than  o0. 

70 

7.2.2 

s  Less  Than  o0. 

71 

7.2.3 

Determination  of  Sample  Size. 

72 

7.3 

Comparing  Two  Observed  Standard  Deviations. 

74 

7.3.1 

s.  Greater  Than  s_. 

A  B 

74 

7.3.2 

Determination  of  Sample  Size. 

76 

8. 

PROPORTION. 

78 

8.1 

Estimate  of  the  Population  Proportion  (p)  , 

78 

8.1.1 

Best  Single  Estimate  of  P. 

78 

8.1.2 

Confidence  Interval  Estimates. 

79 

8. 1.2.1 

Two-Sided  Interval  for  N  a  30. 

79 

lv 


Reproduced  From 
Best  Available  Copy 


MTP  3-1-005 
1  March  1972 

Paragraph  Page 

8. 1.2. 2  Two-Sided  Interval  for  N  >  30.  go 

8. 1.2. 3  One-Sided  Interval  for  N  s  30.  g2 

8. 1.2. 4  One-Sided  Interval  for  N  >  30.  g3 

8.1.3  Sample  Size  Required  to  Estimate  the  g4 

Population  Proportion. 

8. 1.3.1  Sample  Size  with  a  Specified  Limit  of  84 

Error  in  Both  Directions. 

8. 1.3. 2  Sample  Size  with  a  Specified  Limit  of  86 

Error  in  Only  One  Direction. 

8.2  Comparing  an  Observed  Proportion  (P)  to  87 

a  Requirement  (i0). 

8.2.1  P  Greater  Than  X0.  88 

8. 2. 1.1  Small  Sample  Size.  88 

8. 2. 1.2  Large  Sample  Size.  89 

8.2.2  P  Less  Than  90 

0 

8. 2. 2.1  Small  Sample  Size.  90 

8. 2. 2. 2  Large  Sample  Size.  91 

8.2.3  Determination  of  Sample  Size.  92 

8.3  Comparing  Two  Observed  Proportions.  94 

8.3.1  P  Greater  Than  P  .  94 

A  D 

8. 3. 1.1  Small  Sample  Size.  94 

8. 3.1.2  Large  Sample  Size.  97 

8.3.2  Determination  of  Sample  Size. 

9.  ACCURACY  AND  PRECISION.  102 

9.1  Accuracy.  l^2 

9.2  Precision. 

9.2.1  Probable  Error  Computation. 

9.2.1. 1  Standard  Deviation  Method.  105 

9. 2. 1.2  Successive  Differences  Method.  I®2 

9.2. 1.3  Trend  Analysis.  108 

9. 2. 1.4  Outliers.  109 

9.2.2  Comparing  Probable  Errors  (PE's).  m 

9. 2. 2.1  Comparing  an  Observed  PE  to  A  Requirement.  113 


v 


MTP  3-1-005 
1  March  1972 


Paragraph 

Page 

9. 2. 2. 2 

Comparing  Two  Observed  PE's. 

114 

9.2.2. 3 

Determination  of  Sample  Size. 

114 

9.2.3 

Circular  Probable  Error. 

115 

9. 2. 3.1 

Computation. 

115 

9. 2. 3. 2 

Outliers . 

116 

9.2.4 

Bivariate  Normal  Distribution. 

118 

10. 

RELIABILITY. 

118 

10.1 

Success-Failure. 

119 

10.1.1 

Determination  of  Reliability. 

119 

10.1.2 

Determination  of  Sample  Size. 

126 

10.1.3 

Sequential  Analysis  for  Success-Failure. 

128 

10.2 

Reliability  Relative  to  Continuous  Testing. 

133 

10.2.1 

Means  and  Limits. 

134 

10.2.1.1 

Means . 

134 

10.2.1.2 

Limits  Using  the  Student  t  Distribution 

135 

10.2.1.3 

Limits  Using  x2  Distribution. 

139 

10.2.2 

Application  of  the  Exponential  Distribution. 

145 

10.2.3 

Sequential  Analysis. 

147 

10.3 

Combined  Reliability. 

152 

11. 

MAINTENANCE  EVALUATION. 

154 

11.1 

Maintenance  Ratio. 

154 

11.2 

Maintainability. 

155 

11.3 

Availability . 

158 

11.3.1 

Inherent  Availability. 

158 

11.3.2 

Achieved  Availability. 

159 

11.3.3 

Operational  Availability. 

160 

12. 

REFERENCES. 

162 

INCLOSURE  1 

Data  Tables  for  Examples. 

1-1 

INCLOSURE  2 

Statistical  Tables. 

2-1 

vi 


MTP  3-1-005 
1  March  1972 

GLOSSARY 

The  definitions  and  notations  in  this  MTP  are  listed  alphabeti¬ 
cally.  The  Greek  symbols  used  are  listed  below  along  with  their  names.  The 
definition  of  each  Greek  symbol  is  then  found  alphabetically  by  name. 

a  -  alpha 
8  -  beta 
X  -  chi 

A  -  delta  (capital) 

5  -  delta 
£  -  epsilon 
y  -  gamma 
X  -  lambda 
u  -  mu 
w  -  omega 
it  -  pi 
p  -  rho 

l  -  sigma  (capital) 
o  -  sigma 
r  -  tau 

|  |  •*  Absolute  value  symbols;  the  enclosed  term  becomes  positive 

regardless  of  the  original  sign. 

AR  -  Maintenance  action  rate;  number  of  actions  per  hour. 

a  -  Small  Greek  letter  alpha  used  to  denote  the  level  of  significance 

or  the  risk  of  Type  I  error.  (Confidence  level  »  1-ct . ) 

A 

a  -  Lower  boundary  for  the  one-sided  unbiased  Type  A  test. 

Ai  a  -  Upper  boundary  for  the  one-sided  unbiased  Type  A  test. 

Aa  -  Achieved  availability. 

A^  -  Inherent  availability. 

Aq  -  Operational  availability. 

AMT  -  Active  maintenance  time. 

AP  -  Aiming  point;  target. 

3  -  Small  Greek  letter  beta  used  to  denote  the  risk  of  a  Type  II  error. 

-  Lower  boundary  for  the  two-sided  unbiased  Type  A  test. 

By  -  Upper  boundary  for  the  two-sided  unbiased  Type  A  test. 

X^  -  The  square  of  the  small  Greek  letter  chi  used  to  denote  the 

chi-square  distribution. 

CPE  -  Circular  probable  error;  the  radius  of  a  circle,  centered  at  the 
mean,  in  which  50%  of  the  population  lies. 

CV  -  Critical  value  to  which  a  test  result  is  compared  in  order  to  make 
a  decision. 

CU  -  Critical  number  to  which  the  ratio  of  successive  difference  method  to 
standard  deviation  method  cor  computation  of  parable  error  is  compared 
to  decide  whether  a  trend  existed  or  not. 
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d. f.  -  Degree  of  freedom  to  which  subscripts  may  be  added  as  necessary; 

e.g.,  d.f-i  or  d.f. 2;  a  numerical  value  dependent  upon  sample 
size  and  the  number  of  estimated  parameters. 

A  -  Capital  Greek  letter  delta  used  to  denote  the  deviation  of  each 

reading  from  the  mean. 

A^  -  Capital  Greek  letter  delta  used  to  denote  the  deviation  of  each 

reading  from  the  mean  for  a  Type  A  item. 

Ag  -  Capital  Greek  letter  delta  used  to  denote  the  deviation  of  each 

reading  from  the  mean  for  a  Type  B  item. 

6  -  Small  Greek  letter  delta  used  as  a  subscript  to  denote  the 

successive  differences  method  for  computing  PE  and  standard 
deviation. 

D  -  Amount  of  doubt;  a  defined  area  which  requires  continued  testing 

to  insure  that  borderline  equipment  is  adequately  tested. 

d  -  The  distance  between  a  data  point  and  the  mean  of  all  data 

m  .  _ 

points. 

e. d.f.  -  Effective  number  of  degrees  of  freedom. 

e  -  Small  Greek  letter  epsilon  used  to  denote  an  amount  of  error 

either  to  help  determine  a  realistic  sample  size  or  to  determine 
how  close  a  population  value  is  to  a  sample  value  at  a  desire  ’ 
confidence  level. 

-x  -  Exponential  reliability;  e  »  2.71828. 

F  -  The  F  distribution;  the  ratio  of  two  variances,  each  generated 

from  two  samples  which  have  normal  distributions. 

f  -  Total  number  of  failures. 

f^  -  Failure  rate;  number  of  failures  per  hour. 

f  -  Failure  rate;  number  of  failures  per  hour  where  continued 

r  t 

testing  is  necessary. 

f  -  Total  number  of  system  failures, 

s 

y  -  Small  Greek  letter  gamma  used  to  denote  the  ratio  of  the  sample 

standard  deviation  divided  by  the  required  standard  deviation. 

K  -  The  number  of  products  tested. 

X  -  Small  Green  letter  lambda  used  to  denote  the  population 

proportion . 

X  -  Small  Greek  letter  lambda  with  subscript  zero  used  to  denote  the 

required  proportion  found  in  the  Requirements  Document  or  from 
a  comparable  item. 

In  -  Natural  logarithm. 

LCL  -  Lower  confidence  limit. 


viii 


MTP  3-1-005 
1  March  1972 


* 


M  -  Maintainability;  the  probability  that  an  item  will  be  retained  in  or 
restored  to  a  specified  condition  within  a  period  of  time,  when  the 
maintenance  is  performed  in  accordance  with  prescribed  procedures 
and  resources. 

MA  -  Total  number  of  maintenance  actions. 

MR  -  Maintenance  ratio;  amount  of  active  maintenance  time  per  hour. 

Mj  -  Mean  time  between  failures  (lower  confidence  limit). 

NOTE:  The  parameter  may  be  rounds  or  miles  instead  of  time. 

M2  -  Mean  time  between  failures  (upper  confidence  limit). 

MDT  -  Mean  downtime. 

M  -  Mean  active  maintenance  time;  total  maintenance  time  divided  by 
the  number  of  maintenance  actions. 

MPI  -  The  mean  point  of  impact;  the  mean  horizontal  coordinates  for 
ground  bursts. 

MTBF  -  Mean  time  between  failures. 

MTBFt  -  Mean  time  between  failures  where  continued  testing  is  necessary. 

MTBM  -  Mean  time  between  maintenance. 

MTTR  -  Mean  time  to  repair. 

m  -  Miss  distance;  the  distance  between  the  aiming  point  and  MPI. 

MP  -  Mission  (operational)  profile,  generally  found  in  the  Requirements 
Document . 

y  -  Small  Greek  letter  mu  used  to  denote  the  population  mean. 

uA  -  Small  Greek  letter  mu  used  to  denote  the  population  mean  for  a 

Type  A  item. 

-  Small  Greek  letter  mu  used  to  denote  the  population  mean  for 
L  a  Type  B  item. 

u  -  Small  Greek  letter  mu  with  subscript  zero  used  to  denote  the 
required  mean  found  in  the  Requirements  Document  or  from  a 
comparable  item. 

N  -  Number  of  samples;  sample  size. 

N^  -  Number  of  samples  for  a  Type  A  item. 

N„  -  Number  of  samples  for  a  Type  B  item. 

D 

N  -  Sample  size  required  to  test  the  criteria;  computed  before  testing 
starts. 

^min  "  ^sec^  when  computing  combined  system  reliability;  the  sample  size 
for  that  individual  component  of  a  system  which  is  tested  fewer 
times  than  the  other  components. 

OC  -  Operating-characteristic  curve  used  to  determine  required  sample 
size  for  testing  given  criteria. 
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P 

PE 


-  Small  Greek  letter  omega  used  to  denote  allowable  maintenance  action 
time  as  prescribed  in  the  Requirements  Document. 

-  Capital  Greek  letter  oi  used  to  represent  the  product  of  items;  e.g., 

N 

n  ..  Cx a ) Cx 2 )  (xN)  t  m  i 

-  The  probability  of  an  event  occurring.  (It  cannot  be  less  than 
zero  or  greater  than  one.) 

-  Probable  error  to  which  necessary  subscripts  are  added  to  denote 
types  of  PE;  e.g.,  PER  (range  probable  error),  PE^  (deflection  pro¬ 
bable  error),  or  PE  (height  of  burst  probable  error);  a  deviation 
from  u  such  that  50%  of  the  observations  may  be  expected  to  lie 
between  p-PE  and  u+PE. 

-  Probable  error  for  a  Type  A  item  to  which  necessary  subscripts 
are  used  to  denote  types  of  PE  ;  e.g.,  PE  (range  probable  error 

A  \ 

for  a  Type  A  item),  PE^  (deflection  probable  error  for  a  Type  A 

item),  or  PE  (height  of  burst  probable  error  for  a  Type  A  item). 

H 

-  Probable  erior  for  a  Type  B  item  to  which  necessary  subscripts 
are  added  to  denote  types  of  PE  ;  e.g.,  PE  ,  PE  ,  or  PE  , 

B  br  bd  bh 

-  Sample  Proportion;  the  ratio  of  the  items  possessing  a  given  char¬ 
acteristic  divide'*  t^e  samnle  size. 

-  Sample  Proportion  for  a  Type  A  item. 


-  Sample  Proportion  for  a  Type  B  item. 


-  The  required  maximum  proportion  of  defective!;  P  equals  A  ,  if 

A  is  in  terms  of  defectives  or  P  equals  the  quantity  (1-?  ),  if 
o  o  o 

A  is  in  terms  of  successes, 
o 

-  Upper  limit  for  the  proportion  of  defectives;  the  difference 

between  P  and  the  amount  of  doubt  (Pt,  =  P  -  D). 
o  U  o 

-  The  mean  point  of  burst;  the  mean  coordinates  for  air  bursts. 

-  The  ratio  of  the  range  of  the  observations  to  the  standard  de¬ 
viation;  the  studentized  range  (q)  distribution. 

-  Reliability;  the  extent  to  which  a  test  yields  the  same  results 
on  repeated  trials. 

-  Small  Greek  letter  rho  used  to  denote  the  population  reliability. 


-  Small  Greek  letter  rho  with  subscript  zero  used  to  denote  the  re¬ 
quired  reliability  prescribed  in  the  Requirements  Document. 

-  Upper  limit  for  the  reliability;  the  sum  of  p  and  the  amount  of 
doubt  (R  =  p  +  D) . 
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Point  estimate  reliability;  the  number  of  successes  divided  by  the 
sample  size;  achieved  reliability. 

Rapa -ft  rate. 

Repair  time  which  is  the  result  of  a  failure. 

Capital  Greek  letter  sigma  used  to  denote  the  sum  of  items;  e.g., 

N 

E  «  xj+x2+x3+  **,xn 
i-1 


Small  Greek  letter  sigma  used 
deviation. 

to 

denote 

the 

population 

standard 

Small  Greek  letter  sigma  used 
deviation  for  a  Type  A  item. 

to 

denote 

the 

popul ation 

standard 

Small  Greek  letter  sigma  used 
deviation  for  a  Type  B  item. 

to 

denote 

the 

population 

standard 

Small  Greek  letter  sigma  used 
deviation  for  eastings. 

to 

denote 

the 

population 

standard 

Small  Greek  letter  sigma  used 
deviation  for  northings. 

to 

denote 

the 

population 

standard 

Small  Greek  letter  sigma  used 

to 

denote 

the 

population 

standard 

deviation  of  the  differences  between  paired  readings  for  a  Type 
A  item  and  a  Type  B  item. 

Small  Greek  letter  sigma  with  subscript  zero  used  to  denote  the 
required  standard  deviation  prescribed  in  the  Requirements 
Document . 

Sample  Standard  deviation  of  the  sample;  a  measure  of  deviation 
from  the  mean. 

Sample  standard  deviation  for  a  Type  A  item. 

Sample  standard  deviation  for  a  Type  B  item. 


Sample  standard  deviation  computed  by  the  successive  differences 
method . 


Sample  standard  deviation 


for  eastings. 


Sample  standard  deviation  for  northings. 

Sample  standard  deviation  of  the  differences  between  paired  readings 
for  a  Type  A  item  and  a  Type  B  item. 

Sample  standard  deviation  of  combined  items  when  individual 
population  standard  deviations  are  unknown  but  assumed  equal. 

Sample  variance;  standard  deviation  squared. 

Sample  variance  with  the  suspected  outlier  deleted. 
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-  Sample  variance  with  the  suspected  outlier  deleted,  computed  by  the 
successive  differences  method. 

-  Average  variance  of  K  number  of  products. 

-  Total  number  of  successes. 

-  The  variable  of  the  Student  t  distribution. 

-  Small  Greek  letter  tau  used  to  denote  the  population  probable 
error. 

-  Small  Greek  letter  tau  with  subscript  zero  used  to  denote  the  re¬ 
quired  probable  error  prescribed  in  the  Requirements  Document. 

-  Total  active  maintenance  manhours. 

-  Total  number  of  miles. 

-  Total  number  of  hours;  total  time. 

-  Upper  confidence  limit. 

-  A  variable  which  may  be  assigned  values. 

-  A  variable  which  may  be  assigned  values  relative  to  a  Type  A  item. 

-  A  variable  which  may  be  assigned  values  relative  to  a  Type  B  item. 

-  The  difference  between  two  readings. 

_  Sample  mean  or  sample  average. 

Sample  mean  for  a  Type  A  item. 

~  Sample  mear  for  a  Type  B  item. 

Sample  mean  for  a  particular  set  of  differences. 

-  Standard  units  of  measure  on  a  normal  curve  with  a  mean  of 
zero  and  a  standard  deviation  of  one. 

-  Less  than;  a  <  b  is  read,  a  is  less  than  b. 

-  Less  than  or  equal  to;  a  z  b  is  read,  a  is  less  than  or  equal  to  b. 

-  Greater  than;  a  >  b  is  read,  a  is  greater  than  b, 

-  Greater  than  or  equal  to;  a  i  b  is  read,  a  is  greater  than  or 

equal  to  b. 
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Materiel  Test  Procedure  3-1-005 
U.S.  Army  Field  Artillery  Board 


1. 


U.  S.  ARMY  TEST  AND  EVALUATION  COMMAND 
BACKGROUND  DOCUMENT 

FIELD  ARTILLERY  STATISTICS 


PURPOSE 


This  Materiel  Test  Procedure  (MTP)  is  a  guide  for  the  project 
officer  for  planning  the  test  and  analyzing  the  test  data. 

2.  SCOPE 


a.  This  MTP  encompasses  all  necessary  aspects  of  statistical 
procedures  for  service  tests  (ST).  This  MTP  does  not  give  the  theoretical 
background  for  the  statistical  tests.  The  scope  includes: 

(1)  Concepts. 

(2)  Median. 

(3)  Mean. 

(4)  Standard  deviation. 

(5)  Proportion. 

(6)  Accuracy  and  precision. 

(7)  Reliability. 

(8)  Maintenance  evaluation. 

b.  The  statistical  procedures  presented  herein  are  applicable 
to  testing  of  Field  Artillery  materiel. 

3.  BACKGROUND 

a.  Statistics  is  an  essential  tool  for  evaluating  results  of 
tests  conducted  on  newly  developed  items  and  for  measuring  and  evaluating 
the  degree  of  uncertainty  associated  with  the  test  data.  Statistical 
analysis  usually  consists  of  generating  a  result  pertinent  to  the  test  item 
and  then  comparing  that  result  to  a  stated  requirement  prescribed  in  the 
Requirements  Document.  In  the  absence  of  stated  requirements,  the  develop¬ 
ment  of  statistical  results  will  be  of  value  in  comparing  the  characteristics 
of  a  new  item  to  those  of  a  standard  item  or  in  determining  the  characteristics 
of  a  new  item. 


b.  Population  is  the  whole  class  about  which  conclusions  are 
to  be  drawn.  However,  population  characteristics  can  rarely  be  determined 
exactly  because  of  the  unavailability  of  all  the  items  in  the  population, 
the  expense  of  examining  every  item  of  the  population  or  even  a  large  number 
of  items,  or  the  destructive  nature  of  the  examination.  Consequently, 
population  characteristics  must  be  inferred  from  an  examination  of  a  part 
of  the  population  —  a  randomly  selected  sample.  The  statistical  approach 
to  examining  and  predicting  the  population  characteristic  will  depend  upon 
the  size  of  the  randomly  selected  sample.  As  the  sample  size  is  increased, 
there  is  greater  confidence  in  the  result  being  a  true  representation  of 
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the  true  population  characteristic.  The  project  officer  will  make  every 
effort  to  utilize  the  proper  sample  size. 

A.  CONCEPTS 

A. 1  POPULATION  AND  SAMPLE 


A  population  is  any  finite  or  infinite  collection  of  individual 
things,  objects,  or  events,  which  is  determined  by  some  property  that  dis¬ 
tinguishes  between  things  that  do  and  things  that  do  not  belong.  In  contrast, 
a  sample  is  defined  as  a  portion  of  a  population.  The  sample  even  though 
a  portion  of  the  population  plays  an  important  role  in  predicting  the  charac¬ 
teristics  of  the  population.  Due  to  the  size  of  the  population,  the  pro¬ 
hibitive  costs  in  testing  the  population,  and,  in  most  cases,  the  destructive 
nature  of  the  tests;  testing  the  entire  population  is  impossible  and  im¬ 
practical.  However,  a  sample  may  be  tested  and  the  findings  from  that  sample 
used  to  predict  characteristics  of  the  population.  A  random  sample;  i.e., 
the  sample  is  chosen  such  that  every  individual  in  the  population  has  an 
equal  chance  of  being  chosen,  is  the  best  type  of  sample  to  test.  If  separate 
random  samples  are  drawn,  the  two  samples  are  independent;  i.e.,  one  does  not 
rely  on  the  other.  However,  in  many  cases,  a  true  random  selection  is  not 
feasible;  e.g.,  the  prototype.  Testing  agencies  may  be  furnished  only  one 
prototype,  of  an  item  to  test.  The  results  of  the  test  will  reflect  only  on 
the  prototype  and  not  on  the  production  items  (population).  In  order  to 
obtain  a  random  sample  and  to  accurately  forecast  such  characteristics  as 
reliability  and  availability  for  the  population,  random  samples  of  pro¬ 
duction  line  items  must  be  subjected  to  the  same  tests  as  the  prototype. 

A .  2  FAILURE 


A  failure  is  defined  as  the  inability  of  an  item  to  perform  within 
previously  specified  limits.  Failures  are  classified  as  chargeable  or  non- 
chargeable.  Non-chargeable  failures  do  not  count  against  the  test  item. 

Since  a  decision  to  accept  or  to  reject  an  item  can  be  altered  if  certain 
failures  are  not  counted,  it  is  necessary  to  carefully  decide  whether  a 
failure  is  chargeable  or  non-chargeable.  Of  course,  if  failures  are  ignored, 
the  probability  of  accepting  an  unacceptable  item  is  increased.  Reference 
12a  defines  chargeable  rad  non-chargeable  failures. 

A. 3  DISTRIBUTION 


a.  The  description  of  measurements  and  observations  by  grouping 
and  classifying  is  an  essential  part  of  statistics.  The  grouping  of  data 
into  classes  is  known  as  a  frequency  distribution  (or  simply  a  distribution) 
and  consists  of  essentially  ch.osing  the  classes  into  which  the  data  are  to 
be  grouped,  sorting  or  tallying  the  data  into  the  appropriate  classes,  and 
counting  the  number  of  items  in  each  class.  Choosing  the  classes  into  which 
the  data  are  to  be  grouped  involves  determining  the  class  width,  called  a 
class  interval;  the  number  of  class  intervals  needed  to  contain  all  the  data, 
normally  between  six  and  15;  and  the  class  intervals  such  that  each  measure¬ 
ment  is  contained  in  one  and  only  one  interval.  Equal  class  intervals  should 
be  used  whenever  possible  to  aid  in  the  ease  of  grouping  and  for  quick  and 
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accurate  reading  of  the  data.  As  an  example.  Figure  1  has  the  data  grouped 
and  classified.  The  distribution  has  seven  equal  class  intervals,  each  class 
interval  contains  2500  meters,  and  each  range  measurement  which  is  recorded 
to  the  nearest  meter  is  contained  in  one  and  only  one  class  interval. 

b.  The  graphical  representation  of  a  distribution  is  called  a 
histogram  and  is  illustrated  at  Figure  1.  A  population  distribution,  which 
consist  of  many  small  classes,  can  be  pictured  as  a  curve  which  is  approximated 
by  the  histogram.  The  curve  is  known  as  the  probability  density  function  or 
the  distribution  function  and  always  has  an  area  of  one.  The  probability  that 
a  random  observation  will  fall  in  any  interval,  a  to  b,  is  the  area  under  the 
curve  from  a  to  b. 

c.  A  distribution  generally  is  one  of  two  types,  continuous 

or  discrete.  In  the  case  of  a  continuous  distribution,  a  random  observation 
may  assume  any  value  between  and  including  the  minimum  and  maximum  values; 
however,  a  discrete  distribution  allows  an  observation  to  assume  only  certain 
values.  For  example,  when  firing  ammunition,  a  range  is  obtained;  this  range 
reading  may  be  any  reading  between  and  including  the  minimum  and  maximum 
ranges  for  the  ammunition.  An  example  of  a  discrete  distribution  is  obtained 
by  making  repeated  tests  on  8  different  charges  under  similar  conditions. 

In  each  test,  the  charge  fired  may  take  on  only  one  of  the  8  values  1,  2,  ..., 
8.  The  binomial  distribution  is  the  most  important  discrete  distribution 
Field  Artillery  statistics  uses  (paragraph  4.15.3,  page  17). 

d.  Although  frequency  distributions  present  data  in  a  relatively 
compact  form,  give  a  good  overall  picture,  and  contain  information  which  is 
adequate  for  many  purposes,  there  are  some  limitations.  For  instance,  the 
maximum  and  minimum  values  are  not  disclosed;  nor  is  the  average  value 
(overall  or  by  class)  available. 

4.4  MEASURES  OF  CENTRAL  LOCATION 


4.4.1  MEAN. 


The  sample  mean,  or  average  (X),  of  a  number  of  sample  readings 
(N)  is  a  description  of  the  central  location.  The  mean  is  determined  by 
summing  the  values  of  all  of  the  sample  readings  and  dividing  by  N.  A 
population  mean  (y)  can  be  defined  for  the  whole  population.  X  is  generally 
a  good  estimate  of  u.  Figure  2  illustrates  the  mean. 

4.4.2  MEDIAN 


a.  The  median  is  the  midpoint  of  the  readings  when  they  are 
arranged  in  ascending  or  descending  order.  The  median  is  the  middle  reading 
of  an  odd  number  of  readings  or  is  the  average  of  the  middle  two  readings  of 
an  even  number  of  readings.  Thus,  1/2  of  the  readings  are  larger  than  the 
median,  and  1/2  of  the  readings  are  smaller  than  the  median. 
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DISTRIBUTION 


RANGE 

FREQUENCY 

RANGE 
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5000-7499 

1 

15000-17499 

5 

7500-9999 

2 
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2 
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5 
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1 

12500-14999 

8 
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HISTOGRAM 


RANGE 

DISTRIBUTION  CURVE 


Figure  1 
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b.  The  population  median  and  mean  are  equal  for  a  normal  distri¬ 
bution  (paragraph  4.15.1,  page  15)  and  the  sample  median  may  be  used  to  esti¬ 
mate  the  population  mean;  however,  the  median  is  not  as  good  an  estimate  as  the 
sample  mean.  If  the  distribution  is  not  normal,  the  population  median  and 
mean  may  not  be  equal.  Figure  2  illustrates  the  median. 

4.4.3  MODE 


a.  The  mode  of  a  set  of  raw  data  is  the  value  which  occurs  most 
often;  e.g.,  if  the  raw  data  is  10,  8,  12,  8,  9,  10,  8;  then  8  occurs  three 
times;  10,  two  times;  and  12  and  9,  one  time.  Therefore,  the  mode  is  8.  A 
mode  of  high  concentration  gives  a  rough  but  quick  measure  of  central  location 
but  is  not  unique;  i.e.,  several  readings  may  occur  the  same  number  of  times. 
Therefore,  if  more  than  one  high  point  exists,  the  mode  is  not  very  useful. 

b.  The  mode  of  a  set  of  data  that  has  been  converted  into  a 
frequency  distribution  is  the  midpoint  of  the  interval  which  contains  the 
most  readings;  e.g.,  the  interval  from  1  to  5  has  one  sample;  6  to  10,  two 
samples;  11  to  15,  six  samples;  16  to  20,  two  samples;  and  21  to  25,  zero 
samples.  The  mode  is  13  (the  interval  from  11  to  15  which  has  six  samples). 
Figure  2  illustrates  the  r.ode. 

4.4.4  MIDRANGE 


The  midrange  is  the  sum  of  the  smallest  and  the  largest  readings 
divided  by  two.  This  is  a  good  measure  of  the  central  location  for  samples  of 
five  or  fewer,  though  it  is  not  as  good  as  the  mean.  Figure  2  illustrates  the 
midrange. 

4.5  MEASURES  OF  DISPERSION 

4.5.1  STANDARD  DEVIATION 

a.  The  standard  deviation  (s)  is  a  measure  of  dispersion  from  X. 
The  amount  of  variation  of  that  dispersion  depends  on  the  distances  of  the  _ 
readings  from  the  mean.  The  difference  between  the  mean  and  each  reading  (x-X) 
represents  the  deviation  from  the  mean  (A)  and  suggests  that  the  average  of 
the  deviations  might  be  used  as  a  measure  of  the  variation  of  the  N  readings. 
Since  these  deviation  values  are  positive  and  negative  and  a  normal  distri¬ 
bution  exists,  the  sum  is  zero  as  is  the  mean  of  the  variation. 

b.  Since  the  size  of  the  deviations  and  not  the  direction  (sign) 
of  the  deviation  are  of  interest,  the  direction  (sign)  can  be  Ignored.  The 
sum  is  then  positive,  and  the  result  is  the  me, in  deviation  (paragraph  4.5.3, 
page  7).  However,  there  exists  another  and  better  way  of  eliminating  the 
direction  (sign)  of  the  deviations  and  that  is  squaring  the  deviations.  A 
square  cannot  be  negative.  The  average  ot  the  sqi  ired  deviations  is  the 
variance  (s').  The  square  root  of  t lie  variance  is  the  standard  deviation  (s). 
Originally  s  was  computed  in  the  following  manner: 
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(1)  Square  the  difference  between  the  mean  and  reading  i.e., 
(x-X)2. 

(2)  Sum  the  squares;  i.e.,  Z(x-X)2.  _ 

(3)  Average  the  sum  by  dividing  by  N;  i.e.,  Z  (x-X)2 . 

N  — - 

(4)  Find  the  square  root  of  the  average;  i.e.,  s  (x-X)2 . 

*  W  N 

(The  square  root  is  used  to  compensate  for  the  fact 
that  the  deviations  were  squared.) 

c.  In  recent  years  there  has  been  a  tendency  to  divide  by  N-l 
rather  than  by  N.  The  reason  for  this  is  that  if  s2  is  used  to  estimate  a 
population  variance  (o2),  the  mean  obtained  is  usually  too  small  and  biased 
if  N  is  the  divisor.  Therefore,  N-l  as  a  divisor  yields  a  truer  estimate 
of  the  population  variance.  Since  the  population  is  the  item  of  interest 
rather  than  only  a  few  samples,  N-l  will  be  used  throughout  this  MTP  in 
computing  s2  or  s ;  i.e. , 

Z  (x-X) ' 

»  *  /sAn-i 

(see  paragraph  7.1,  page  64,  for  computations).  The  population  standard 
deviation  (o)  is  a  measure  of  the  extent  to  which  a  population  characteristic 
varies  from  one  item  to  another. 

NOTE:  The  standard  deviation  may  also  be  computed  by  the 
following  formula: 

NEx2  -  (lx)2 
s  -  a/  N  (N-l) 


4.5.2  RANGE 


The  range  is  the  difference  between  the  smallest  and  the  largest 
readings  in  the  sample.  The  range  multiplied  by  the  appropriate  factor  from 
Table  B-l,  page  2-1,  approximates  a  for  a  small  sample  (N  £  10)  and  a  normal 
distribution  (paragraph  4.15.1,  page  15). 

4.5.3  MEAN  DEVIATION 


The  mean  deviation  of  a  normal  distribution  is  the  mean  of  the 
deviations  from  the  mean  or  median  of  the  N  sample  members.  The  deviations 
fron.  the  mean  (median)  is  the  absolute  value  of  the  mean  (median)  subtracted 
from  the  reading.  The  mean  deviation  multiplied  by  a  factor  from  Table  B-2, 
page  2-2,  approximates  a  for  a  small  sample  (N  £  10)  and  a  normal  distribution 
(see  paragraph  4.15.1,  page  15). 

4.5.4  PROBABLE  ERROR  (RANGE.  DEFLECTION.  AND  HEIGHT  OF  BURST) 

The  probable  error  (PE)  is  a  measure  of  deviation  from  u  such 
that  50%  of  the  observations  may  be  expected  to  lie  between  u-PE  and  p+PE. 
However,  certain  conditions  must  exist  for  the  PE  to  have  any  meaning.  These 
are  independent  (random)  samples,  normal  distribution,  and  large  sample  size. 
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PE  may  be  expressed  for  various  parameters,  range  (PEr)  ,  deflection  (PEq)  , 
and  height  of  burst  (PE^) •  For  the  population  probable  error  (t),  t  -  0.6745c 
and  :  ■  1.4826  t  .  Since  a  sample  is  being  examined  as  a  represent  itive  of 

the  population,  PE  »  0.6745s  and  s  *»  1.4826PE.  Firing  tables  and  other  data 
concerning  Field  Artillery  precision  contain  the  appropriate  PE's.  When 
testing  for  precision,  end  results  are  often  expressed  in  terms  other  than  PE. 
This  occurs  in  modern  day  testing  because  prototype  samples  are  not  random 
representations  of  production  line  items,  the  normal  distribution  is  not 
appropriate  in  many  cases,  and  small  sample  sizes  bias  the  PE.  The  more 
modern  standard  deviation  is  in  wider  use  as  a  measure  of  dispersion  than 
is  the  probable  error  because  s  is  commonly  computed  for  statistical 
analysis.  Due  to  the  freedom  to  use  small  or  large  sample  sizes,  the  wider 
applications  of  the  standard  deviation,  and  the  ease  of  calcu’ation,  statistical 
tests  involving  standard  deviation  comparisons  are  more  widely  used  than 
those  involving  PE  comparisons. 

4.5.5  CIRCULAR  PROBABLE  ERROR 


The  circular  probable  error  (CPE  or  CEP)  is  a  measure  of 
deviation  from  u  and  defines  the  radius  of  the  circle  which  is  centered  at  the 
mean  and  in  which  50%  of  the  observations  are  contained.  CPE  ■  1.1774  times 
the  population  standard  deviation  for  the  easting  (o£>  when  Og  equals  the 
population  standard  deviation  for  the  northing  (Ofj).  When  og  i  Ojj,  the  CPE 
is  called  the  equivalent  CPE  and  equals  .5887  (oE+oN) .  In  terms  of  a  sample, 
the  equivalent  CPE  «  .5887  (sg+Sjj) .  However,  as  for  the  PE,  certain  conditions 
must  exist  for  the  CPE  to  have  any  meaning;  these  are  independent  (random 
samples,  a  bivariate  normal  distribution,  and  a  large  sample  size.  Firing 
tables  and  other  data  concerning  Field  Artillery  precision  may  contain  the 
CPE.  When  testing  for  precision  end  results  are  often  expressed  in  terms 
other  than  CPE.  This  occurs  in  modern  day  testing  because  prototype  samples 
are  not  random  representations  of  production  line  items,  the  bivariate 
normal  distribution  is  not  appropriate,  and  small  sample  sizes  bias  the  CPE. 

The  bivariate  normal  distribution  is  a  representation  of  the  measure  of 
dispersion  for  two  variables  (see  paragraph  4.15.2,  page  15  and  paragraph 
9.2.4,  page  118) . 

4.6  RELIABILITY 


a.  Reliability  is  the  probability  of  an  item  functioning 
adequately  for  the  period  of  time  intended  under  the  operating  conditions 
encountered.  Along  with  the  numerical  value  of  the  reliability,  a  fraction 
or  a  percent  value,  the  following  are  necessary: 

(1)  Define  precisely  a  success  or  satisfactory  performance. 

(2)  Specify  the  time  base  or  operating  cycles  over  which 
such  performance  is  to  be  sustained;  e.g.,  hours, 
miles,  or  rounds.  This  factor  is  particularly  important 
since  the  probability  value  is  based  on  completing  a 
mission  or  task.  For  example,  if  the  probability  of  a 
test  item  operating  for  50  hours  is  0.65  or  65%,  then 

on  the  average  65  times  out  of  100  trials  the  test 

item  would  be  functioning  after  a  50-hour  operating  period. 
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(3)  Specify  the  environment  or  use  conditions  which  will 
prevail.  Typicar  of  these  conditions  are  temperature, 
humidity,  shock,  and  vibration.  Without  these  various 
conditions  the  reliability  definition  would  be  relatively 
meaningless. 

b.  Due  to  the  various  types  of  test  items  and  the  various 
distributions  which  apply,  reliability  may  be  evaluated  by  several  methods 
(see  paragraph  10,  page  118). 

4.7  TEST  OF  A  STATISTICAL  HYPOTHESIS 


The  investigator's  objective  can  often  be  translated  into  an 
hypothesis  (assumption  or  claim)  concerning  the  test  item.  This  hypothesis, 
called  the  null  hypothesis,  usually  states  that  the  test  item  does  not  meet 
the  stated  requirements.  This  explains  why  it  is  called  the  null  (not) 
hypothesis.  A  decision  is  made  to  accept  or  reject  the  null  hypothesis 
using  the  test  data  from  the  sample.  Failure  to  reject  the  null  hypothesis 
does  not  necessarily  mean  that  the  hypothesis  is  true  but  merely  indicates 
that  the  sample  is  compatible  with  the  kind  of  population  described  in  the 
null  hypothesis.  The  same  is  true  if  the  null  hypothesis  is  rejected;  the 
fact  is  merely  recognized  that  the  sample  is  not  compatible  with  the  kind 
of  population  described  in  the  null  hypothesis.  Associated  with  the  null 
hypothesis  are  two  types  of  errors  (paragraph  4.8,  page  10) ,  and  a  signi¬ 
ficance  level  (paragraph  4.9,  page  10).  In  general,  to  test  a  null  hypothesis 
and  construct  statistical  decision  criteria,  the  following  outline  is  used; 

a.  Formulate  the  null  hypothesis  so  that  it  states  that  the 
test  item  does  not  meet  the  stated  requirements.  The  null  hypothesis  is  a 
numeric  expression;  e.g.,  X  >  25. 

b.  Formulate  an  alternative  hypothesis  so  that  the  rejection 
of  the  null  hypothesis  is  equivalent  to  the  acceptance  of  the  alternative 
hypothesis.  The  alternative  hypothesis  is  also  a  numeric  expression  e.g., 

X  i  25. 

c.  Specify  the  probability  to  be  risked  as  a  Type  I  error. 

If  possible,  desired,  or  necessary,  also  make  some  specifications  about  the 
probability  of  a  Type  II  error  for  a  given  alternate  value  of  the  parameter 
concerned . 

d.  Use  the  appropriate  statistical  theory  (e.g.,  paragraphs 
6.2,  page  3^  and  6.3,  page  45)  to  test  the  null  hypothesis. 

NOTE:  In  some  cases  when  the  null  hypothesis  has  been 

rejected,  a  reserve  judgment  decision  will  be  made 
instead  of  accepting  the  alternative  hypothesis; 

e.g.,  insufficient  sampling  to  produce  conclusive 
results . 
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4.8  TYPES  OF  ERROR 

4.8.1  TYPE  I  ERROR 

The  Type  I  error  is  rejection  of  the  null  hypothesis  when  it 
is  true.  Tne  risk  of  Type  I  error  is  the  level  of  significance  (a).  It  is 
the  more  important  of  the  two  error  types,  since  rejecting  an  item  when  in 
fact  it  is  good  is  better  economically  than  accepting  an  item  when  in  fact 
it  is  bad.  The  value  of  a  is  arbitrary  but  will  sometimes  be  found  in  the 
Requirements  Document.  In  the  event  the  significance  level  or  confidence 
level  (confidence  level  »  1  -  significance  level)  is  not  specified  in  the 
Requirements  Document,  a  »  . 10  or  confidence  level  ■  .90  will  be  used. 

4.8.2  TYPE  II  ERROR 


The  Type  II  error  is  the  acceptance  of  the  null  hypothesis  when 
it  is  false.  The  risk  of  a  Type  II  error  is  denoted  by  6.  The  value  of  6 
is  not  as  restricted  as  that  of  a.  In  the  event  a  and  6  are  highly  restricted, 
the  sample  size  must  be  very  large  to  reach  an  accept  or  reject  decision. 

When  8  is  not  specified  in  the  Requirements  Document,  .20  will  be  used. 

4.9  LEVEL  OF  SIGNIFICANCE. 

a.  The  risk  of  making  a  Type  I  error  (a)  equals  the  level 
of  significance  of  the  test.  The  null  hypothesis  serves  as  an  origin  or 
base.  From  the  null  hypothesis  the  test  criterion  may  be  a  two-sided  test 
(two-tail  test)  or  a  one-sided  test  (one-tail  test).  The  two-sided  test 
involves  an  area  at  each  extreme  of  the  distribution  curve  (note  Figure  3A); 
e.g. ,  if  a  ■  .05  or  5%,  then  the  shaded  areas  in  Figure  3A  are  each  equal  to 
2.5%  of  the  total  area  under  the  curve.  The  one-sided  test  is  only  con¬ 
cerned  with  the  area  under  the  curve  at  one  extreme  (note  Figure  3B) ;  e.g., 
if  a  ■  .05  or  5%,  then  the  shaded  area  in  Figure  3B  is  equal  to  57.  of  the 
total  area  under  the  curve.  When  the  stated  requirement  is  in  the  shaded 
area,  the  null  hypothesis  is  accepted  which  means  that  the  item  is  not 
acceptable . 


b.  In  general,  a  test  is  said  to  be  one-sided  or  two-sided 
(one-tailed  or  two-tailed)  depending  on  whether  a  is  concentrated  at  one 
end  of  the  curve  (left  or  right)  or  is  divided  into  two  areas  with  the 
areas  situated  at  opposite  ends  of  the  curve  (see  Figure  3). 

4.10  CONFIDENCE  INTERVAL.  LIMITS ,  AND  LEVEL 

a.  When  estimating  a  population  measure,  such  as  u ,  by  a 
sample  measure,  such  as  X,  u  has  a  value  somewhere  near  jf,  How  near  u  is  to 
X  is  determined  by  an  interval  constructed  about  Y;  and,  ac  a  specified 
confidence  level,  u  lies  in  this  interval.  This  interval  is  called  the 
confidence  interval.  The  interval  between  the  shaded  areas  of  Figure  3A  is 
an  example  ot  a  confidence  interval  (see  paragraph  6. 1.2.1,  page  27). 

b.  The  end  points  of  the  confidence  interval  are  called  con¬ 
fidence  limits.  Thus,  there  exist  an  upper  confidence  limit  (UCL)  and 

a  lower  confidence  limit  (LCL).  The  LCL  and  UCL  are  shown  in  Figure  3A.  In 
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Lower  confidence 
Limit  (LCL) 


Parameter 

Upper  Confidence  Limit 
(UCL) 


A 


Figure  3 


the  case  of  the  one-sided  test,  only  one  confidence  limit  is  used  for  testing 
purposes.  Figure  3B  is  an  example  where  only  the  UCL  is  used. 

c.  The  confidence  level  is  1-a.  In  both  Figures  lA  and  3B  the 
confidence  levels  are  the  unshaded  areas,  and  the  area  that  a  represents  is 
either  concentrated  at  one  end  of  the  curve  as  in  the  one-sided  test  or  is 
divided  into  two  sections  as  in  the  two-sided  test.  In  the  event  the  same 
area  at  one  extreme  of  the  distribution  curve  is  considered  for  the  one-sided 
test  and  the  two-sided  test,  the  confidence  levels  will  be  different.  For 
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example,  to  test  whether  a  test  item  differs  from  a  standard  (two-sided  test) 
or  whether  a  Lest  item  is  less  than  a  standard  (one-sided  test),  a  value  for 
a  must  be  chosen.  When  the  one-sided  test  is  used,  a  is  the  area  at  one 
extreme;  and  the  confidence  level  is  1-a  (.95  for  a  *  .05).  If  the  same  area 
at  the  right  extreme  appears  at  the  left  extreme,  the  result  is  a  two-sided 
test  with  the  confidence  level  being  one  minus  the  area  at  both  extremes 
(.90  for  .05  area  at  each  extreme).  Figure  4  illustrates  this  difference. 

4.11  SIGNIFICANT  DIFFERENCE 


a.  One  of  the  most  frequent  uses  of  statistics  is  in  testing 
for  differences.  Comparisons  are  conducted  with  the  appropriate  statistical 
test  applied  to  the  results  of  the  test  to  determine  whether  there  is  suffi¬ 
cient  justification  in  concluding  that  there  is  a  difference  either  between 
the  test  item  and  the  stated  requirements  or  between  the  test  item  and  a  _ 
standard  item.  The  test  item  may  be  evaluated  in  such  terms  as  the  mean  (X), 
proportion  (P) ,  standard  deviation  (s),  or  probable  error  (PE)  while  the 
respective  requirements  are  in  terms  of  the  required  mean  (p0) ,  required 
proportion  (A0),  required  standard  deviation  (o0)»  or  required  probable  error 
(t0).  The  test  item  and  standard  item  are  evaluated  with  respect  to  the  same 
term,  e.g.,  their  means.  Ordinarily,  the  statistical  test  applied  to  the 
results  observed  on  a  sample  will  point  the  way  to  a  decision  between  a  pair 
of  alternatives.  For  some  tests,  the  two  alternative  decisions  will  be 
formally  stated  as  follows: 

(1)  The  population  mean,  or  any  other  parameter,  of  test 
item  A  is  greater  than  that  of  standard  item  B. 

(2)  There  is  no  reason  to  believe  that  the  population  mean, 
or  any  other  parameter,  of  test  Item  A  is  greater  than 
that  of  standard  item  B. 

b.  In  other  cases,  the  formal  statement  of  the  two  alternative 
decisions  will  be: 

(1)  The  population  mean,  or  any  other  parameter,  of  test 
item  A  Is  less  than  that  of  standard  item  B. 

(2)  There  is  no  reason  to  believe  that  the  population  mean, 
or  any  other  parameter,  of  test  item  A  is  less  than 
that  of  standard  item  B. 

c.  The  problem  is  just  how  large  the  difference  must  be  in 
order  to  conclude  that  the  two  items  differ  or  that  the  observed  difference 

is  "statistically  significant'?  A  difference  may  be  statistically  significant 
and  yet  be  unimportant  for  all  practical  purposes.  However,  the  size  of  the 
difference  is  dependent  upon  several  factors: 

(1)  The  amount  of  variability  in  the  items  of  each  type 
(test  item  and  standard  item). 

(2)  The  number  of  items  of  each  type. 

(3)  The  amount  of  risk  allowed  in  stating  that  a  difference 
exists  when  there  is  none  (Type  I  error). 
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ONE-SIDED  AND  TWO-SIDED  COMPARISON 


A 


B 

Figure  4 

4.12  DEGREES  OF  FREEDOM 

The  degrees  of  freedom  (d.f.)  is  a  numerical  value  usually 
generated  by  the  sample  size  minus  the  number  of  estimated  parameters.  This 
procedure  may  vary  depending  upon  the  parameters  involved  and  the  distribution 
and  test  being  applied.  If  the  d.f.  is  needed,  the  process  for  oDtaining  it 
will  be  supplied  as  a  part  of  the  statistical  test  procedure. 

4.13  OPERATING-CHARACTERISTIC  CURVE 

a.  An  operating-characteristic  (OC)  curve  is  used  to  determine 
one  of  four  values  given  three  of  them;  e.g.,  the  Type  II  error  can  be 
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determined  if  N,  a,  and  X  are  known  (see  Figure  5).  An  example  of  an  OC 
curve  is  illustrated  at  Fiaure  5. 

OPERATING- CHARACTERISTIC  CURVE 


Operating  characteristics  of  the  one-sided  x2  test  to  determine 
whether  the  standard  deviation  a ,  of  a  new  product  is  less  than  the 
standard  deviation  0O  of  a  standard  (a  =  .05). 

Adapted  with  permission  from  Annals  of  Mathematical  Statistics,  Vol.  17, 

Mo.  2,  June  1946,  from  article  entitled  "Operating  Characteristics  for  the 
Common  Statistical  Tests  of  Significance"  by  C.  D.  Ferris,  F.  E.  Grubbs, 
and  C.  L.  Weaver. 

Fipure  5 

b.  Since  tables  are  easier  to  read  than  OC  curves,  the  OC  curves, 
retaining  all  of  their  inherent  qualities,  have  been  transferred  to  tables 
for  use  in  this  MTP. 

4-14  AMOUNT  OF  ERROR  WHEN  DETERMINING  SAMPLE  SIZE 

a.  The  error  size  (c)  is  a  critical  factor  in  determining  sample 
sizes.  The  next  paragraph  contains  suggestions  which  will  assist  the  project 
officer  in  compromising  between  excessive  sampling  and  loss  of  confidence  in 
results  obtained. 


b. 

permissible  error 
use  his  judgment. 


In  many  cases  the 
.  If  an  error  is 
An  error  of  one 


Requirements  Document  will  specify  a 
not  specified,  the  project  officer  must 
percent  of  the  required  mean  or  the 
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standard  item  mean  has  been  used  in  some  of  the  illustrated  cases  (see  para¬ 
graph  6.1.3,  page  33,  and  paragraph  6.2.3,  page  43),  This  is  considered 
appropriate  since  the  timing  and  recording  of  the  data  for  the  tests  may  be 
easily  controlled.  However  when  the  test  item  has  a  large  standard  deviation, 
an  error  as  great  as  five  percent  may  be  acceptable  in  order  to  keep  sample 
sizes  reasonable. 

4.15  PARTICULAR  DISTRIBUTIONS 

4.15.1  NORMAL  DISTRIBUTION 

a.  The  normal  distribution  is  by  far  the  most  important  con¬ 
tinuous  distribution  (see  pages  2  to  4) .  Due  to  the  laws  of  chance  repeated 
measurements  of  the  same  physical  quantity  occur  with  such  a  dispersion  that 
a  pattern  (distribution)  is  evident  and  can  be  closely  approximated  by  a 
certain  kind  of  continuous  distribution,  referred  to  as  the  "normal  curve 

of  errors."  The  graph  of  a  normal  distribution  is  a  bell-shaped  curve  that 
extends  indefinitely  in  both  directions  (see  Figure  6A) . 

b.  The  mean  is  at  the  peak  of  the  distribution,  and  the  standard 
deviation  determines  the  spread  of  the  distribution.  The  physical  area  from 

a  to  b  under  two  normal  distributions  may  not  be  equal  (see  Figure  65).  Since 
construction  of  separate  tables  of  normal  curve  areas  for  each  conceivable 
pair  of  values  for  u  and  a  is  impractical,  areas  are  tabulated  only  for  the 
so-called  standard  normal  distribution  which  has  a  mean  of  zero  and  a  standard 
deviation  of  one.  The  conversion  of  a  normal  distribution  to  a  standard 
normal  distribution  is  accomplished  by  using  the  equation  Z  *  x~u  (see 

Figure  7A) .  With  the  conversion  to  standard  units.  Table  B-3,  "page  2-3,  may 

be  used.  The  entries  in  this  table  are  the  areas  under  the  standard  normal 
distribution  between  the  mean  (Z  =  0)  and  Z  =  .01,  ...,  3.09.  The  negative 
values  of  Z  (areas  to  the  left  of  the  mean)  are  not  needed  by  virtue  of  the 
symmetry  of  a  normal  curve  about  its  mean;  e.g.,  the  area  between  Z  =  -1.33 
and  Z  =  0  is  the  same  as  the  area  between  Z  =  0  and  Z  =  1.33,  which  is  0.4082. 

In  the  event  the  percentage  cf  area  under  the  curve  to  the  left  of  a  given 

value  of  Z  is  desired.  Table  B-3,  page  2-3  and  this  value  of  7  are  used  to 
determine  the  percent  from  the  mean.  If  Z  is  positive,  the  percentage  of 
the  area  to  the  left  of  Z  equals  .30  plus  the  value  obtained  from  Table  B-3; 

e.g.,  if  Z  =  .92  the  percent  of  area  is  .50  +  .3212  which  is  .8212  or  82.12% 

of  the  area.  If  Z  is  negative,  the  percentage  of  the  area  to  the  left  of  7. 

equals  .50  minus  the  value  obtained  from  Table  B-3;  e.g.,  if  Z  =  -.92,  the 

percent  of  area  is  .50  -  .3212  which  is  .1788  or  17.88%  of  the  area. 

c.  The  percentage  of  area  between  two  Z  values  can  be  determined 
by  obtaining  the  areas  for  the  Z  values  from  Table  B-3,  page  2-3,  and  either 
subtracting  the  smaller  area  from  the  larger  area  if  both  Z  values  are  on  the 
same  side  of  the  mean  or  adding  the  areas  if  the  Z  values  are  on  opposite 
sides  of  the  mean  (see  Figure  7B). 

4.15.2  BIVARIATE  NORMAL  DISTRIBUTION 

a.  A  bivariate  normal  distribution  is  a  populu'  in  which 
each  member  is  dependent  on  two  variables  (values);  e.g.,  easL.ng  and  northing. 
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NORMAL  DISTRIBUTION  CURVE 


Pi  rameter 
A 


Figure  6  Parameter 

B 

The  data  may  be  grouped  into  a  table  of  double  entry  showing  the  frequencies 
of  pairs  of  values  lying  within  given  class  intervals.  Each  row  in  such  a 
table  gives  the  frequency  distribution  of  the  first  variable  for  the  members 
of  the  population  in  which  the  second  variable  lies  within  the  limits  stated 
on  the  left  of  the  row.  A  similar  statement  can  be  made  about  the  columns. 

A  grouped  frequency  distribution  of  the  type  in  Tables  A-la  and  A-lb,  page 
1-1  mav  be  termed  a  bivariate  frequency  distribution. 

b.  The  shape  of  the  bivariate  normal  population  is  a  normal 
distribution  in  three  dimensions,  rising  to  its  greatest  height  at  the  center 
and  fading  away  to  tangency  (see  Figure  8).  Some  properties  of  the  bivariate 
normal  distribution  are: 
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COMPUTING  AREA  UNDER  NORMAL  CURVE 


Parameter 

A 


(1)  Each  section  perpendicular  to  each  axis  can  be  trans¬ 
formed  into  a  normal  distribution.  This  means  that  the 
data  from  each  column  and  each  row  are  samples  from  a 
normal  distribution. 

(2)  All  of  the  transformed  distributions  perpendicular  to 
each  axis  have  the  same  population  standard  deviation, 
and  all  of  the  population  means  lie  on  a  straight  line. 

(3)  The  distribution  is  dependent  on  the  standard  deviations, 
the  means,  and  the  covariance  (amount  of  dependency)  of 
the  two  variables. 

4.15.3  BINOMIAL  DISTRIBUTION 


a.  Problems  arise  as  to  the  number  of  successes  or  failures 
in  N  trials.  To  handle  problems  of  this  type,  a  special  probability  function. 
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BIVARIATE  NORMAL  DISTRIBUTION  CURVE 


■the  binomial  distribution,  is  .-.eeded.  This  distribution  applies  only  when 
the  probability  of  a  success  or  failure  regains  constant  from  trial  to  trial 


and  the  trials  are  independent.  Table  B-18,  page  2-7 4  contains  tables  for 
0  to  100  failures.  Table  B-18  is  used  to  establish  reliability,  -onfidence 


level,  and  sample  size  for  a  given  number  of  failures.  Paragraph  lu.i, 
page  119,  explains  the  use  of  Table  B-18  and  gives  various  applications  of 


the  binomial  distribution. 


b.  If  the  probability  of  an  event  occurring  is  p,  the  mean 
of  the  binomial  distribution  is  Np  and  the  standard  deviation  is  H(p)  (1-p) 
As  N  increases,  the  binomial  distribution  tends  to  the  normal. 

4.15.4  POISSON  DISTRIBUTION 

a.  The  Poisson  distribution  was  developed  for  studying  rare 
events  where  N  is  large  and  the  mean  (Np)  is  much  less  than  15.  Under  such 
conditions  the  binomial  distribution  remains  noticeably  skew,  and  the  normal 
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approximation  is  unsatisfactory.  The  Poisson  distribution  is  a  limiting 
form  of  the  binomial  distribution  such  that  as  N  tends  to  infinity  while  p 
tends  to  zero,  u  ■  Np  is  constant. 

b.  If  a  series  of  independent  distributions  are  each  Poisson 
distributions  with  means  Uj,  U2 .  • • • -  the  sum  follows  a  Poisson  distribution 
with  mean  equal  to  uj  +  W 2  +  ••• 

c.  The  Poisson  distribution  plays  an  important  role  in  the 
inspection  and  quality  control  of  manufactured  goods.  It  is  used  to  ascertain 
that  the  proportion  of  defective  items  in  a  large  lot  is  small. 

d.  The  distribution  is  dependent  on  the  mean  (w),  which  equals 
the  variance  (a2). 

4.15.5  EXPONENTIAL  DISTRIBUTION 


a.  For  systems  that  are  renewed  by  repair  or  maintenance,  a 
failure  rate  is  employed.  This  rate  is  thus  given  as  age-dependent.  The 
exponential  distribution  e-x  may  characterize  the  lifetime  to  failure  for 
one  or  more  of  the  following  reasons: 

(1)  The  principal  cause  of  failure  is  a  chance  effect 
from  the  environment. 

(2)  A  large  serial  system;  i.e.,  one  which  fails  when  any 
part  fails,  will  have  an  exponential  lifetime  to 
failure  if  the  failures  are  independent  and  if  repair 
times  are  negligibly  short. 

(3)  There  may  be  many  independent  external  possible  causes 
of  failure  that  tend  simultaneously  and  continuously 
to  threaten  the  system. 

b.  The  combined  effect  of  (1),  (2),  and  (3)  ran  be  summarized 
as  follows:  if  an  operating  system  has  a  very  large  number  of  components 
and  if  the  components  are  sufficiently  independent;  then  the  failure  of  one 
component  is  an  independent  binary  process.  In  this  case  there  are  only  two 
possible  outcomes  for  all  observations  of  the  component;  i.e,,  success  or 
failure.  Each  observation  selects  one  outcome  at  random,  and  the  observations 
are  independent.  Consequently,  the  average  operating  time  until  failure  of 
each  component  causes  the  probability  of  the  system  operating  to  decrease 
rapidly  and  exponentially  as  operating  time  increases  (see  Figure  9). 

4.15.6  STUDENT  t  DISTRIBUTION 

The  Student  t  distribution  approximates  the  normal  distribution 
and  is  symmetrical  about  the  mean.  For  large  samples  the  standardized  mean 
is  zero,  and  the  standard  deviation  is  one.  The  distinction  is  obvious  only 
for  samples  of  less  than  30.  With  samples  of  less  than  30,  there  is  a 
slightly  higher  probability  of  values  falling  into  the  two  tails.  Figure  10 
illustrates  the  t  distribution  and  its  relationship  to  the  normal 
distribution. 
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EXPONENTIAL  RELIABILITY  CURVE 


Mean  Tine  Between  Failures 

Figure  9 

4.15.7  F  DISTRIBUTION 

a.  If  two  sample  variances  are  generated  from  two  samples 
which  have  normal  dlstr lbut Iona ,  the  ratio  of  the  two  variances  (called  a 
variance  ratio)  forms  a  sampling  distribution  called  the  F  Distribution. 

The  distribution  Is  dependent  on  the  respective  degrees  of  freedom,  Nj-1  and 
N2-I.  Figure  11  illustrates  the  F  distribution  curve. 

b.  The  F  distribution  is  very  helpful  in  determining  the 
equality  of  two  population  standard  deviations  (3ee  paragraph  7.3,  page  74, 
for  method  and  example). 

4.15.8  CHI-SQUARE  DISTRIBUTION 

a.  For  many  tests  0  is  needed  but  is  unknown.  Although  s  is 
by  far  the  most  popular  estimate  of  the  standard  deviation  of  a  population, 
it  is  not  the  only  estimate;  and  confidence  intervals  for  a  based  on  s  are 
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often  stated  with  a  given  confidence  level.  The  theory  on  which  these  con¬ 
fidence  intervals  are  based  assumes  that  the  population  from  which  the  sample 
is  obtained  has  roughly  the  shape  of  a  normal  distribution  and  is  called  the 
chi-square  (x  )  distribution.  An  example  of  a  chi-square  distribution  is 
shown  in  Figure  12A;  in  contrast  to  the  normal  and  t  distribution,  its  domain 
is  restricted  to  the  nonnegative  real  numbers. 

b.  The  distribution  is  also  different  from  those  previously 
discussesd  in  that  the  area  under  the  curve  is  summed  from  the  y/  point  to  the 
right.  The  value  for  <(_„  represents  an  area  of  a  under  the  curve  (right- 
hand  tail,  see  Figure  l^A) ,  while  v2  represents  an  area  of  1-u  to  the  right 
under  the  curve  (see  Figure  12B).  Due  to  the  shape  of  the  curve  the  point 

values  of  x '  u / 2  anc*  '  f- «/;>  will  be  different  even  though  the  significance 
levels  are  equal  (see  Figure  12C).  This  distinction  is  important  due  to  the 
fact  the  distribution  is  not  symmetrical;  thus,  a  table  containing  values 
corresponding  to  areas  in  either  tfil  of  the  distribution  is  necessary.  Thus, 
with  a  confidence  level  of  i-«, 

(N-l j s‘  <  -  <  (N-l)s2 

As  the  Sample  3ize  decreases,  the  interval  for  e  becomes  wider.  Therefore, 
in  most  tests  applying  the  chi-square  distribution,  a  normal  sample  size  is 
needed  (N  a  30). 

4.16  ROl'N'D  OFF  PROCEDURES 


a.  Since  all  measuring  equipment  has  limited  accuracy,  the 
measurements  are  also  of  limited  accuracy  and  thus  consist  of  numbers  which 
have  been  rounded  off;  e.g.,  if  an  instrument  is  accurate  to  tenths  of 
minutes  and  a  time  measurement  is  12.2  minutes,  the  time  may  actually  have 
been  any  value  between  12.15  and  12.25  minutes. 

b.  When  test  data  are  used  to  compute  test  item  characteristics, 
such  as  the  mean  and  standard  deviation,  the  results  must  be  consistent  with 
the  original  dura;  i.e.,  the  mean  weight  of  a  group  of  projectiles  cannot  be 
more  accurate  than  the  individual  weights  used  to  compute  the  mean.  The 
foll.rwing  are  some  basic  rules  concerning  significant  figures  and  the  rounding 
of  data: 


(1)  Significant  figures  (significant  digits)  are  the  digits 
of  a  number  tha*  begin  with  the  first  digit  on  the  ex¬ 
treme  left  that  is  not  a  zero  and  that  end  with  the 
last  digit  on  titc  right  tiiat  is  not  a  zero  or  that  is 
a  zero  which  is  considered  accurate.  For  example: 

(a)  12  304  has  five  significant  digits. 

(b)  1.0200  has  five  significant  digits. 

(When  .*  number  ends  with  a  zero  which  is  on  the  right  of  the  decimal  point, 
the  zero  is  significant.) 
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(c)  .0003  has  one  significant  digit. 

(d)  5200  has  two,  three,  or  four  significant  digits 
depending  on  whether  the  Instrument  used  to  obtain 
this  measurement  is  accurate  to  hundreds,  tens,  or 
units,  respectively. 

(e)  100.0  has  four  significant  figures. 

(2)  The  result  of  a  series  of  arithmetic  operations  must 
be  rounded  off  to  an  accuracy  consistent  with  the 
least  accurate  measurement  in  the  original  data.  The 
generally  recotanended  procedure  is  to  carry  at  least 
two  extra  significant  digits  throughout  the  computations 
before  rounding  off  the  final  result.  (If  a  calculator 
is  used  for  the  computations  will  depend  on  the  capa¬ 
city  of  the  calculator.) 

(3)  Some  numbers  are  considered  totally  accurate  due  to  the 
fact  that  they  are  not  the  result  of  a  measurement,  and 
thus  they  do  not  limit  the  number  of  significant  digits 
in  the  final  result;  e.g.,  degrees  of  freedom  (d.f.), 
required  or  desired  significance  levels,  and  requirements 
such  as  u0  and  o0.  Values  taken  from  tables  are  accurate 
only  to  the  number  of  digits  given  in  the  table. 

(4)  Generally,  rounding  off  of  numbers  will  be  performed  in 
accordance  with  the  standard  Field  Artillery  round  off 
rules;  however,  special  procedures  must  be  used  in  the 
following  cases: 

(a)  When  the  sample  size  which  must  be  tested  in  order 
to  prove  an  hypothesis  is  calculated,  the  answer 
must  be  a  whole  number  since  a  fraction  of  a 
sample  cannot  be  tested.  Furthermore,  if  36.2 
samples  are  needed,  then  36  samples  are  not  enough. 
Therefore,  calculated  sample  sizes  must  be  rounded 
off  to  the  next  larger  whole  number. 

(b)  When  one-sided  or  two-sided  confidence  limits  are 
calculated,  the  answer  must  usually  be  rounded  off. 
However,  since  the  unrounded  limits  (UCL  and  LCL) 
define  an  interval  for  a  specified  confidence 
level,  care  must  be  used  to  insure  that  the  desired 
confidence  level  is  not  decreased  when  the  limits 
are  rounded  off.  Since  the  confidence  level  in¬ 
creases  as  the  interval  increases,  che  UCL  must 
always  be  rounded  up;  and  the  LCL  must  always  be 
rounded  down. 


5. 

MEDIAN 

5.1 

OBJECTIVE 

To  determine  the  midpoint  of  the  readings  such  that  haif  of  the 
readings  are  above  and  half  are  below  the  median. 
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(2)  l  se  the  j  ard  ^  +  readings  to 

compi  .e  the  median  which  is  the 
average  of  the  two.  The  median  - 

K  N 

(■  reading)  +  (-j  +  1  reading) 

2 

5.5  ANALYSIS 

The  median  equals  the  mean  if  the  population  is  normally  dis¬ 
tributed;  otherwise,  it  is  only  another  measure  of  central  location,  which 
denotes  the  midpoint  of  the  total  dispersions. 

6.  MEAN 

6.1  ESTIMATE  OF  THE  POPULATION  MEM  (u). 

6.1.1  BEST  SINGLE  ESTIMATE  QF  u, 

6. 1.1.1  OBJECTIVE 

To  determine  the  best  point  estimate  of  the  population  mean 
for  a  normal  distribution. 

6. 1.1. 2  DATA  REQUIRED 

A  list  of  sample  readings;  e.g.,  the  time  required  for  prepare 

for  action  under  daylight  conditions. 

6. 1.1. 3  PROCEDURE 

a.  Sum  the  list  of  data  for  the  parameter. 

b.  Divide  the  sum  by  the  number  of  readings  recorded  to  obtain 
the  mean  of  the  parameter. 

6. 1.1. 4  EXAMPLE 
Given : 

Sample  data  at  Table  A-2a,  page  1-2. 

Procedure:  Example: 

a.  Sum  the  parameter.  a.  Sum  »  1037.0  min 


(2) 


T  '  3 
!  +  i- 


Use  the  3rd  and  4th  readings  to 
compute : 

230+228 

1 - 

458 


The  median  ” 


-  229 
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b.  Compute:  b.  X  ■  1037.0/12 

X  ■  Sum/no.  of  readings  *  86.417  min. 

NOTE:  Mean  may  be  expressed  as  *  86.4  min. 

MTBF,  MMBF,  MTTR. 

6.1. 1.5  ANALYSIS 


The  ^sample  mean,  or  average,  is  a  value  which  is  typical  or 
representative  of  a  set  of  data.  The  mean  is  the  most  commonly  used  measure 
of  central  location. 

6.1.2  CONFIDENCE  INTERVAL  ESTIMATES 

6. 1.2.1  TWO-SIDED  INTERVAL  WITH  a  UNKNOWN 

6. 1.2. 1.1  OBJECTIVE 

To  determine  a  two-sided  confidence  interval  which  is  expected 
to  bracket  y  at  the  desired  confidence  level  when  a  is  unknown. 

6. 1.2. 1.2  DATA  REQUIRED 

A  list  of  sample  readings. 

6.1. 2. 1.3  PROCEDURE 


a.  Choose  the  desired  confidence  level. 

b.  Compute  X  (see  paragraph  6. 1.1. 3,  page  26). 

c.  Compute  s  (see  paragraph  7. 1.1. 3,  page  64). 

d.  Use  Table  B-5,  to  obtain  t  for  N-l  d.f. 

e.  Compute  e  as  follows: 

(1)  Multiply  s  by  step  d. 

(2)  Divide  step  (1)  by  the  square  root  of  N. 

f.  Add  e  to  X  to  obtain  the  UCT.,  and  subtract  e  from  X  to 
obtain  the  LCL. 

g.  Conclude  that  y  is  equal  to  or  between  the  UCL  and  LCL 
at  the  desired  confidence  level. 

6. 1.2. 1.4  EXAMPLE 

Given: 

Sample  data  at  Table  A-2a,  page  1-2. 
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Procedure: 

a.  Choose  the  confidence  level  (1-a). 


b.  Compute  X. 


c.  Compute  s. 


d.  Use  Table  B-5,  page  2-5, 

to  obtain  t  for  N-l  d.f. 

l-a/2 

e.  Compute: 


rl* 


f.  Compute: 

UCL  =  X  +  ■_ 
LCL  -  X  -  t 


!?•  Conclude  that,  j  ».  UCL  and 
u  *  LCL  (the  unn> r  and  lower 
confidence  limit  7itlu-'s)  at  a 
100  (1-a ;  %  confide!:  ■  level. 


Example : 

a.  a  ■  .05 
1-a  -  .95 
l-a/2  “  .975 

b.  X  -  1037.0/12 

■  86.417  min. 

-  86.4  min. 

See  paragraph  6. 1.1. 4,  page  26, 
for  computations. 


51.95*4 

12-1 


•  J  4.7233 

-  2.173  min. 

*  2.2  min. 

See  paragraph  7. 1.1.4,  page  65 
for  computttions . 

d.  t  for  11  d.f.  -  2.201 

•475 

(2.201)  (2.173) 

e.  e  «  - 

4.783 

3.464 

-  1.381 

f.  UCL  -  86.417  +  1.381 

-  87.798  F<n. 

«  87.8  min. 

LCL  -  86.417  -  1.381 

-  85.036  min. 

=  85.0  min. 

g.  Conclude  that  p  S  87.8  and 

U  i  85.0  at  a  95%  confidence  level. 
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ANALYSIS 

The  two-sided  interval  surrounds  u  such  that  u  £■  UCL  and  u  * 

LCL  at  a  100(l-a)%  confidence  level.  Due  to  a  being  unknown,  the  confidence 
interval  will  be  as  large  as  possible.  Application  of  the  Student  t  test, 
which  is  designed  for  small  sample  size,  also  contributes  to  a  larger  con¬ 
fidence  interval  than  a  normal  test  for  a  particular  e. 

6. 1.2. 2  ONE-SIDED  INTERVAL  WITH  g  UNKNOWN 

6. 1.2. 2.1  OBJECTIVE 

To  determine  a  one-sided  confidence  interval  such  that  u  is 
equal  to  or  less  than  the  UCL  (or  equal  to  or  greater  than  the  LCL)  at  the 
desired  confidence  level  when  o  is  unknown. 

6. 1.2. 2. 2  DATA  REQUIRED 

A  list  of  sample  readings. 

6. 1.2. 2. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Compute  X  (see  paragraph  6. 1.1. 3,  page  26). 

c.  Compute  s  (see  paragraph  7. 1.1. 3,  page  64). 

d.  Use  Table  B-5,  page  2-5,  to  obtain  tj_a  for  N-l  d.f. 


e.  Compute  e  as  follows: 

(1)  Multiply  s  by  step  d. 

(2)  Divide  step  (1)  by  square  root  of  N. 

f.  Add  e  to  X  to  obtain  the  UCL  (or  subtract  e  from  X  to  obtain 

the  LCL). 


g.  Conclude  that  u  is  equal  to  or  less  than  the  UCL  (or  equal  to 
or  greater  than  the  LCL)  at  the  desired  confidence  level. 

6. 1.2. 2.4  EXAMPLE 

Given: 

Sample  data  at  Table  A-2a,  page  1-2. 

Procedure:  Example: 

a.  Choose  the  confidence  level  a.  a  =  .01 

(1-a) .  1-a  =  .99 
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b.  Compute  X. 


c.  Compute  s. 


d.  Use  Table  B-5,  page  2-5  t0 
obtain  ti_a  for  N-l  d.f. 

e.  Compute: 

e  ■  jUflii 1 


f.  Compute: 

UCL  -  X  +  e 
(or  LCL  -  X  -  e 


g.  Conclude  that  u  £  UCL 
(or  u  i  LCL)  at  a  100(l-ct)% 
confidence  level. 


b.  X  ■  86.417  min. 

-  86.4  min. 

c.  8  «  2. 173  min. 

>2.2  min. 

See  paragraph  6. 1.2. 1.4,  page  27, 
for  computations. 

d.  t99  for  11  d.f.  -  2.718 


(2.718M2.173) 

e.  e  ■  - — - — 

J * 

5.906 
3.464 
-  1.705 

f.  UCL  -  86.417  +  1.705 

-  88.122 

-  88.2  min. 

(or  LCL  -  86.417  -  1.705 

-  84.712 

•  84.7  min.) 

g.  Conclude  that  v <  88.2  min. 
(or  u  i  84.7  min.)  at  a  991 
confidence  level. 


6. 1.2. 2. 5 


ANALYSIS 


The  one-sided  interval  surrounds  u  such  that  u  £  UCL  (or  u  a 
LCL)  at  a  100(l-a)%  confidence  level.  Since  a  is  concentrated  at  one  end 
of  the  curve,  the  value  ti_a  is  used  instead  of  the  value  of  cl-a/2* 


6. 1.2. 3 


TWO-SIDED  INTERVAL  WITH  a  KNOWN 


6. 1.2. 3.1  OBJECTIVE 

To  determine  a  two-sided  confidence  interval  which  is  expected 
to  bracket  u  at  the  desired  confidence  level  when  a  is  known. 


6. 1.2. 3. 2 


DATA  REQUIRED 


A  list  of  sample  readings  and  o,  which  is  known  from  a  standard 
item,  history,  or  a  Requirements  Document. 


6. 1.2. 3. 3 


PROCEDURE 


Choose  the  desired  confidence  level. 
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b.  Compute  X  (see  paragraph  6. 1.1. 3,  page  26). 

c.  Use  Table  B-4,  page  2-4,  t0  obtain  Zi_a/2* 

d.  Compute  e  as  follows: 

(1)  Multiply  o  by  step  c. 

(2)  Divide  step  (1)  by  the  square  root  of  N. 

e.  Add  e  to  X  to  obtain  the  UCL,  and  subtract  c  from  X  to 
obtain  the  LCL. 


f.  Conclude  that  p  is  equal  to  or  between  the  UCL  and  LCL 
at  the  desired  confidence  level. 


6. 1.2. 3. 4  EXAMPLE 


Given: 

Sample  data  at  Table  A-2a,  Page  1-2. 
a  m  2.0  min. 


Procedure : 

a.  Choose  the  confidence 
level  (1-a). 

b.  Compute  X. 

c.  Use  Table  B-4,  page  2-4, 
to  obtain  Z,  ,  . 

l-a/2 

d.  Compute: 


/■ F 


Example : 

a.  a  ■  .05 
1-a  -  .95 
l-a/2  *  .975 

b.  X  ■  86.417  min. 

•  86.4  min. 

See  paragraph  6. 1.1. 4, 
page  26,  for  computations. 

c.  2^975  ■  1.960 


(1.96)(2.0) 

d  •  £  *  i. 

_  3.920 
”  3.464 

-  1.132 


e.  Compute: 

UCL  =  X  +  £ 
LCL  =  X  -  £ 


e.  UCL  *  86.417  +  1.132 
-  87.549 
=  87.6  min. 

LCL  =  86.417  -  1.132 

*  85.285 

*  85.2  min. 
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f.  Conclude  that  v  87.6  min  and 
U  a  85.2  ®ln  at  a  952  confidence 
level . 

6. 1.2. 3. 5  ANALYSIS 


lf.  Conclude  that  u  *  UCL 
and  v  a  LCL  at  a  100(l-a)X 
confidence  level. 


The  two-sided  interval  surrounds  v  such  that  u  &  UCL  and  u  a 

LCL  at  a  100(l-a)2  confidence  level.  When  the  value  of  o  Is  known,  this 
procedure  will  be  used  in  preference  to  that  in  paragraph  6. 1.2.1,  page  27, 
because  it  will,  in  most  cases,  lead  to  a  narrower  confidence  interval 
relative  to  the  known  o. 

6. 1.2. 4  ONE-SIDED  INTERVAL  WITH  o  KNOWN 

6. 1.2. 4.1  OBJECTIVE 

To  determine  a  one-sided  confidence  interval  such  that  u  is 
equal  to  or  less  than  the  UCL  (or  equal  to  or  greater  than  the  LCL)  at  the 
desired  confidence  level  when  o  is  known. 

6. 1.2. 4. 2  DATA  REQUIRED 

A  list  of  sample  readings  and  o,  which  is  known  from  a  standard 
item,  history,  or  Requirements  Document. 

6. 1.2.4. 3  PROCEDURE 


a.  Chodse  the  desired  confidence  level. 

b.  Compte  X  (see  paragraph  6. 1.1. 3,  page  26). 

c.  Use  Table  B-4,  page  2-4,  to  obtain 

d.  Compute  t  L .s  follows: 

(1)  Multiply  o  by  step  c. 

(2)  Divide  step  (1)  by  the  square  root  of  N. 

e.  Add  e  to  X  to  obtain  the  UCL  (or  subtract  e  from  X  to 
obtain  the  LCL) . 


f.  Conclude  the  u  is  equal  to  or  less  than  the  UCL  (or  equal 
to  or  greater  than  the  LCL)  at  the  desired  confidence  level. 


6. *.2.4.4  EXAMPLE 


Given : 

Sample  data  at  Table  A-2a,  page  i_2. 
o  •  2.0  min. 
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Procedure: 


Example: 


a.  Choose  Che  confidence 
level  (l-a). 

b.  Compute  X 


c.  Use  Table  B-4,  page  2-4 

co  obtain  Z. 

l-a 

d.  Compute: 

e  "  1  L_  - 


e.  Compute: 

UCL  «  X  +  e 
(or  LCL  -  X  -  t) 


f.  Conclude  that  u  i.  UCL 
(or  u  *  LCL)  at  a  100(l-a)% 
confidence  level. 


a.  a  ■  .01 
l-a  -  .99 

b.  X  -  86.417 

■  86.4  min. 

See  paragraph  6. 1.1.4,  page  2o, 
for  computations. 

c.  Z.99  -  2.326 

(2.326X2.0) 


-  4.652 
3.464 

-  1.343 

e.  UCL  -  86.417  +  1.343 

-  87.760 

*  87.8  min. 

(or  LCL  -  86.417  -  1.343 

-  85.074 

-  85.0  min.) 

f.  Conclude  that  u  t  87.8  min 
(or  u  a  85.0  min.)  at  a  99Z 
confidence  level. 


6. 1.2. 4. 5  ANALYSIS 


The  one-sided  interval  surrounds  u  such  that  u  IJCL  (or  u  *  LCL) 

at  a  100(l-a)%  confidence  level.  Since  a  is  concentrated  at  one  end  of  the 
curve,  the  value  of  Z  is  used  instead  of  the  value  of  Zj_  .  When  o  is 
known,  this  procedure  will  be  used  in  preference  to  that  in  paragraph  6. 1.2. 2, 
page  29. 


6.1.3 


SAMPLE  SIZE  REQUIRED  TO  ESTIMATE  THE  POPULATI ON  MEAN 


6. 1.3.1 


SAMPLE  SIZE  REQUIRED  TO  ESTIMATE  u  WITH  a  UNKNOWN 


6.1. 3.1.1  OBJECTIVE 

To  determine  the  sample  size  (N  )  required  in  order  to  state 
that  u  is  equal  to  or  between  X  +  £  and  X  -e  at  the  desired  confidence  leve] 
when  o  is  unknown. 

6. 1.3. 1.2  DATA  REQUIRED 


The  s  and  the  d.f.  from  a  previously  tested  sample. 
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6. 1.3.1. 3  PROCEDURE 

a.  Choose  Che  desired  confidence  level. 

b.  Choose  Che  allowable  amount  of  error. 

c.  Use  Table  B-5,  page  2-5, to  obcain  c^_a^  for  N-l  d.f. 

d.  Compute  Nr  as  follows: 

(1)  Square  step  c. 

(2)  Square  s. 

(3)  Square  c. 

(4)  Multiply  step  (1)  by  step  (2). 

(5)  Divide  step  (4)  by  step  (3). 

(6)  Round  step  (5)  to  the  next  larger  whole  number. 


e.  Conclude  that  Nt  samples  are  required  in  order  to  state  that 
U  is  eaual  to  or  between  Y  +  c  and  X  -  c  at  the  desired  confidence  level. 


6. 1.3. 1.4  EXAMPLE 
Given: 

a  ■  2.2  min. 

N  -  12 

Procedure: 

a.  Choose  the  confidence  level 

(1-a). 


b.  Choose  e. 

c.  Use  Table  B-5,  p'.ge  2-5 

to  obtain  ^ _  ,  for  N-l  d.f. 

a/2 

d.  Compute: 


(t. -»//'»>* 


e.  Conclude  that  Nt  samples  are 
required  in  order  to  state  that 
u*X+tandUiX-c  at  a 
100(l-a)*  confidence  level. 


Example : 

a.  a  *  .05 
l-a/2  -  .975 

b.  e  ■  .8  min. 

c*  t,975  for  11  d.f.  -  2.201 

d  Nt  -  (2-20D2(^)2 

(.8)2 

(4.844) (4.84) 

(.64) 

23.445 

64 

-  36.632 

-  37 

e.  If  37  samples  are  tested  and  X 
computed,  conclude  that  u  &  X  +  .8 
min.  and  u  i  X  -  .8  min.  at  a  95* 
confidence  level. 
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6. 1.3. 1.5  ANALYSIS 

If  Nt  samples  are  tested  and  X  is  computed,  conclude  that  v  t  X 
+  e  and  u  a  3T  -  e  at  a  100(l-a)Z  confidence  level. 

6. 1.3. 2  SAMPLE  SIZE  REQUIRED  TO  ESTIMATE  u  WITH  a  KNOWN 

6. 1.3. 2.1  OBJECTIVE 


To  determine  the  Nt  required  in  order  to  state  that  u  is  equal  to 
or  between  If  +  e  and  X  -  e  at  the  desired  confidence  level  when  o  is  known. 


6. 1.3. 2. 2  DATA  REQUIRED 

a,  which  is  known  from  a  standard  item,  history,  or  Requirements 

Document . 


6. 1.3. 2. 3  PROCEDURE 


a.  Choose  the  desired  confidence  level. 

b.  Choose  the  allowable  amount  of  error. 


c. _  Use  Table  B-4,  page  2-4, 

d.  Compute  Nt  as  follows: 


to  obtain  Z 

]~3/? 


(1)  Square  step  C. 

(2)  Square  u 

(3)  Square  c. 

(4)  Multiply  step  (1)  by  step  (2). 

(5)  Divide  step  (4)  by  step  (3). 

(6)  Round  step  (5)  to  the  next  larger  whole  number. 


e.  Conclude  that  Nt  samples  are  required  in  order  to  state  that 
v  is  equal  to  or  between  X  +  e  and  X  -  £  at  the  desired  confidence  level. 


6. 1.3. 2. 4  EXAMFLE 
Given : 

a  »  2.0  min. 

Procedure : 

a.  Choose  the  confidence  level 

(l-a). 


b.  Ch«>.ise  c . 


Example : 

a.  a  ■  .05 

l-i  -  .95 

l-a/7  -  .975 

b.  z  *  .8  min. 
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1.960 


c.  Use  Table  B-4,  page  2-4 

to  obtain  Z  ... 

-a/2 

d.  Compute: 


(Z-a/2>J(">2 


e.  Conclude  that  N  samples  are 
required  in  order  to  state  that 
u  <  X  +  e  and  u>X-cata 
100(l-a)Z  confidence  level. 


d.  H  -  (1 ■ 96)2 (2.0)2 

(.8)2 

-  (3 . 842) (4 . 00) 

.64 

-  15.37 

.  64 

-  24.02 

-  25 

e.  If  25  samples  are  tested 
and  X  computed,  conclude  that 

ji  <  X  +  .8  min.  and  u  >  X  -  .8 
min.  at  a  95Z  confidence  level. 


6. 1.3. 2. 5  ANALYSIS 

If  Nt  samples  are  tested  and  7  is  computed  conclude  that  u  <  X 
+  e  and  u  7  -  e  at  a  100(l-a)Z  confidence  level. 

6.2  COMPARING  AN  OBSERVED  MEAN  (X)  TO  A  REQUIREMENT  (uo) 


a.  An  observed  mean  is  generated  from  a  sample  and  is  represen¬ 
tative  of  u .  This  value  of  X  is  then  compared  to  a  stated  requirement  (Uo). 
However,  looking  at  the  values  of  X  and  lo  to  decide  whether  u  is  greater  than 
j'  or  u  is  less  than  uo  at  a  confidence  level  is  insufficient.  Since  the 
decision  pertains  to  the  population,  statistical  tests  oust  be  applied  to  X 
to  determine  whether  u  is  greater  than  uo  or  u  is  less  than  uo. 


b.  There  exist  two  possibilities  for  the  relationship  of  7  to 
However,  for  each  possibility  there  are  two  approaches;  i.e.,  '  may  be 
known  or  unknown;  and  the  appropriate  test  must  be  chosen  on  that  basis. 
Following  are  the  assumptions  and  the  circumstances  for  each  possible  relation¬ 
ship: 


( 1 )  7  greater  than  ..  . 

(a)  The  null  hypothesis  is  greater  than  uo. 

(b)  The  alternative  hypothesis  is  there  is  no  reason 
to  believe  ..  is  greater  than 

(c)  The  use  of  this  test  is  appropriate  when  uc  is  a 
maximum  value  for  u  to  satisfy.  In  the  event  that 
-  must  not  be  greater  than  u ) ,  this  test  would  be 
appropriate. 
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(2)  X  less  Chan  y0. 

(a)  The  null  hypothesis  Is  y  is  less  than  yo. 

(b)  The  alternative  hypothesis  is  there  is  no  reason 
to  believe  y  is  less  than  y0. 

(c)  The  use  of  this  test  is  appropriate  when  y0  is  a 
minimum  value  for  y  to  satisfy.  In  the  event  that 
y  must  meet  or  exceed  y0 ,  this  test  would  be 
appropriate. 

6.2.1  X  GREATER  THAN  Un 

6. 2. 1.1  If  GREATER  THAN  u»  WITH  a  UNKNOWN 

6. 2. 1.1.1  OBJECTIVE 


To  determine  whether  y  is  greater  than  uo  at  the  desired  con¬ 
fidence  level  when  the  value  of  a  is  unknown. 

6.2. 1.1.2  DATA  REQUIRED 

A  list  of  sample  readings. 

6. 2. 1.1. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Compute  X  (see  paragraph  6. 1.1. 3,  page  26). 

c.  Compute  s  (see  paragraph  7. 1.1. 3,  page  64). 

d.  Use  Table  B-5,  page  2-5,  to  obtain  t  for  N-l  d.f. 

1  3 

e.  Compute  e  as  follows: 

(1)  Multiply  s  by  step  d. 

(2)  Divide  step  (1)  by  the  square  root  of  N. 

f.  Subtract  e  from  X  to  obtain  the  LCl  which  is  the  lower 
bound  for  y  at  the  desired  confidence  level.  The  confidence  interval  for 
u  is  from  the  LCL  to  +  °°. 

g.  If  y0  is  less  than  the  LCL,  decide  that  y  is  greater 

than  y0;  otherwise,  there  is  no  reason  to  believe  y  is  greater  than  y0  at  the 
desired  confidence  level. 

6.2. 1.1.4  EXAMPLE 


Given : 

u0  ■  85.0  min. 

Sample  data  at  Table  A-2a,  page  ]_2. 
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Procedure : 


Example : 


a.  Choose  the  confidence 
level  (1-a). 

b.  Compute  X. 


c.  Compute  s. 


d.  Use  Table  fl-5,  page  2-5, 

to  obtain  t[  for  N-l  d.f. 

— <1 


e.  Compute: 
t 


l-q(3) 

'  > 

f.  Compute: 

LCL  -  X  -  c 


g.  If  u0  <  LCL,  decide  that 
u  >  uc;  otherwise,  there  is 
no  reason  to  believe  u  >  Uo 
at  a  100(l-a)%  confidence  level. 

6. 2. 1.1. 5  ANALYSIS 


a.  a  ■  .05 
1-a  -  .95 

b.  X  -  86.417 

■  86.4  min. 

See  paragraph  6. 1.2. 1.4  b, 
page  28,  for  computations. 

c.  a  -  2.173 

■  2.2  min. 

See  paragraph  6. 1.2. 1.4  c,  page 
28,  for  computations. 

d.  t  95  for  11  d.f.  -  1.796 


e. 


e  .  (1 . 796) (2.173) 

rM 

m  3-903 

3.464 
-  1.127 

f.  LCL  -  86.417  -  1.127 

-  85.290 
»  85.2  min. 

g.  Since  85.0  <  85.2,  decide 
that  u  >  85.0  min.  at  a  95X 
confidence  level. 


If  Uo  <  LCL,  the  null  hypothesis  that  u  >  u0  is  accepted; 
otherwise,  there  is  no  reason  to  believe  u  >  Mn  at  a  100(l-a)Z  confidence 
level  when  T  is  unknown.  The  100  (l-q)%  confidence  interval  fore  is  from 
the  LCL  to  +  *  . 

6. 2. 1.2  X  GREATER  THAN  Un  WITH  0  KNOWN 
6. 2. 1.2.1  OBJECTIVE 

To  determine  whether  u  is  greater  than  uc  at  the  desired 
confidence  level  when  a  is  known. 


6. 2. 1.2. 2  DATA  REQUIRED 

A  list  of  sample  readings  and  o,  which  is  known  from  a  standard 
item,  history,  or  Requirements  Document. 
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a.  Choose  the  desired  confidence  level. 

b.  Compute  X  (see  paragraph  6. 1.1. 3,  page  26). 

c.  Use  Table  B-4,  page  2-4,  to  obtain  Z 

d.  Compute  e  as  follows: 

(1)  Multiply  a  by  step  c. 

(2)  Divide  step  (1)  by  the  square  root  of  N. 

e.  Subtract  e  from  X  to  obtain  the  LCL  which  is  the  lower 
bound  for  u  at  the  desired  confidence  level,  .  I.u  co..f ldp^ce  interval  for 
M  is  from  the  LCL  to  +  «. 

f.  If  Mo  is  less  than  the  LCL,  decide  that  u  is  greater  than 
M0;  otherwise  ther  is  no  reason  to  believe  y  is  greater  than  u0  at  the 
desired  confidence  level. 


6. 2. 1.2. 4  EXAMPLE 
Given: 

O  ■  1.4  min. 

M0  **  83.0  min. 

Sample  data  at  Table  A-2a,  page  1-2. 


Procedure : 

a.  Choose  the  confidence 
level  (1-a). 

b.  Compute  X. 

c.  Use  Table  B-4,  page  2-4 

to  obtain  Zi  . 

1  a 

d.  Compute: 


J ~ 


Example : 

a.  o  ■  .10 

1-a  -  .90 

b.  X  -  86.417 

■  86.4  min. 

See  paragraph  6. 1.1. 4,  page  26 
for  computations. 

c.  Z  9q“1. 282 

.  _  (1.282X1.4) 
a  .  e  =*  - 

JTT 

1.7948 

*  ^ 

3.464 
-  .518 
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e.  Compute: 

LCL  -  X  -  e 

f.  If  uo  <  LCL  decide  that 
M  >  m0;  otherwise,  there  is 
no  reason  to  believe 
v  >  )j0  at  a  100(l-a)% 
confidence  level. 

6. 2. 1.2. 5  ANALYSIS 

If  u0  <  LCL,  the  null  hypothesis  that  u  >  u0  is  accepted;  otherwise, 
there  is  no  reason  to  believe  u  >  u0  at  a  100(l-a)%  confidence  level  when  T  is 
unknown.  The  100  (l-o  )%  confidence  interval  for  u  is  LCL  to  +  00 

6.2.2  X  LESS  THAN 

6. 2. 2.1  X  LESS  THAN  ^  WITH  o  UNKNOWN 

6. 2. 2. 1.1  OBJECTIVE 

To  determine  whether  u  is  less  than  u0  at  the  desired  confidence 
level  when  a  is  unknown. 

6. 2. 2. 1.2  DATA  REQUIRED 

A  list  of  sample  readings. 

6. 2. 2. 1.3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Compute  X  (see  paragraph  6. 1.1. 3,  page  26). 

c.  Compute  s  (see  paragraph  7. 1.1. 3,  page  64). 

d.  Use  Table  B-5,  page  2-5,  t0  obtain  tj^  for  N-l  d.f. 

e.  Compute  e  as  follows: 

(1)  Multiply  s  by  step  d. 

(2)  Divide  step  (1)  by  the  square  root  of  N. 

f.  Add  e  to  X  to  obtain  the  UCL  which  is  the  upper  bound  for 

u  at  the  desired  confidence  level.  The  confidence  interval  for  u  is  from 
-  *  to  the  UCL. 


e.  LCL  -  86.417  -  .518 

-  85.899 
■  85.8  min. 

f.  Since  83.0  <  85.8  decide 
that  u  >  83.0  min.  at  a  90% 
confidence  level. 


g.  If  Uo  is  greater  than  the  UCL,  decide  that  u  is  less  than  uoi 
otherwise,  there  is  no  reason  to  believe  u  is  less  than  u0  at  the  desired 
confidence  level. 
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6. 2. 2. 1.4  EXAMPLE 
Given: 

y0  »  87.0  min. 

Sample  data  at  Table  A 

Procedure : 

a.  Choose  the  confidence 
level  (1-a ) . 

b.  Compute  X. 

c.  Compute  s. 


d.  Use  Table  B-5,  page  2-5, 

to  obtain  t,  for  N-l  d.f. 
1-" 

e.  Compute: 


f.  Compute: 

UCL  -  X  +  e 

g.  If  u0  >  UCL,  decide  that 
y  <  y0 »  otherwise,  there  is 
no  reason  to  believe  y  <  y0 

at  a  100(l-a)%  confidence  level. 


2a,  page  1-2. 

Example : 

a.  a  *  .10 
1-a  -  .90 

b.  X  -  86.417 

*  86.4  min. 

See  paragraph  6. 1.2. 1.4  b,  page 
27,  for  computations. 

c .  s  *  2.173 

*  2.2  min. 

See  paragraph  6. 1.2. 1.4  c,  page 
27,  for  computations. 

d.  t . go  for  11  d.f.  -  1.363 

(1.363) (2.173) 

e.  e  *  - — - - 

=.  2-962 

3.464 

*  .855 

f.  UCL  =  86.417  +  .855 

-  87.272 
*  87.3  min. 

g.  Since  87.0  }  87.3,  decide 
that  there  is  no  reason  to 
believe  that  y  <  87.0  min,  at 
a  90%  confidence  level. 


6. 2. 2. 1.5  ANAYLSIS 

If  u0  >  UCL,  the  null  hypothesis  that  y  <  u0  is  accepted, 
otherwise,  there  is  no  reason  to  believe  y  <  yQ  at  a  100(l-a)%  confidence 
level.  The  100(l-a)%  confidence  interval  for  y  is  from  -  =»  to  UCL. 

6 . 2 . 2 . 2  X  LESS  THAN  yn  WITH  a  KNOWN 

6. 2. 2. 2.1  OBJECTIVE 

To  determine  whether  y  is  less  than  y0  at  the  desired  confidence 
level  when  a  is  known. 
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6. 2. 2. 2. 2  DATA  REQUIRED 


A  list  of  sample  readings  and  o,  which  is  known  from  a  standard 
item,  history,  or  Requirements  Document. 

6. 2. 2. 2. 3  PROCEDURE 


Choose  the  desired  confidence  level. 


b.  Compu. e  X  (see  paragraph  6. 1.1. 3,  page  26). 

c.  Use  Table  B-4,  page  2-4,  to  obtain  Zj_a. 

d.  Compute  e  as  follows: 

(1)  Multiply  a  by  step  c. 

(2)  Divide  step  (1)  by  the  square  root  of  N. 

e.  Add  e  to  X  to  obtain  the  UCL  which  is  the  upper  bound  for  p 
at  the  desired  confidence  level.  The  confidence  interval  for  p  is  from  -  » 
to  UCL. 


f.  If  p0  is  greater  than  the  UCL,  decide  that  p  is  less  than 
p0;  otherwise,  there  is  no  reason  to  believe  p  is  less  than  p0  at  the 
desired  confidence  level. 


6. 2. 2. 2. 4  EXAMPLE 
Given: 

o  ■  2.2  min. 
p0  =*  88.0  min. 

Sample  date  at  Table  A-2a,  page  1-2. 


Procedure : 

a.  Choose  the  confidence 
level  (1-a). 

b.  Compute  X. 

c.  Use  Table  B-4,  page2-4, 
to  obtain  Z j  . 

d.  Compute: 


Example : 

a .  a  »  .  10 
1-a  =  .90 

b.  X  =  86.417 

=  86.4  min. 

See  paragraph  6. 1.1.4, 
page  26,  for  computations. 

c.  *  1.282 

d  £  -  U-282)  (2.2) 

=  2.820 
3.464 
=■  .814 
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e.  Compute: 

UCL  -  X  +  e 

f.  If  p0  >  UCL,  decide  that 

p  <  p0;  otherwise,  there  is  no 
reason  to  believe  p  <  p0  at  a 
100(l-a)%  confidence  level. 


e,  UCL  -  86.417  +  .814 

-  87.231 
■  87.3  min. 

f.  Since  88.0  >  87.3,  decide 
that  p  <  88.0  min.  at  a  90% 
confidence  level. 


6. 2. 2. 2. 5  ANALYSIS 

If  po  >  UCL,  the  null  hypothesis  that  p  <  p0  is  accepted; 
otherwise  there  is  no  reason  to  believe  p<po  at  a  desired  confidence  level. 
The  100  (1-a  )%  confidence  interval  for  u  is  from  _°°  to  UCL. 

6.2.3  DETERMINATION  OT  SAMPLE  SIZE 

6.2. 3.1  OBJECTIVE 


To  determine  the  Nt  required  to  determine  whether  p  is  equal  to  or 
greater  than  p0  +  e  (or  equal  to  or  less  tnan  po  e  )  at  the  desired 
confidence  level  when: 


a.  a  is  known. 

b.  a  is  unknown. 

6. 2. 3. 2  DATA  REQUIRED 

a.  a,  which  is  known  from  a  standard  item,  history,  or 
Requirements  Document. 

b.  An  approximation  of  the  value  that  a  will  assume. 

6. 2. 3. 3  PROCEDURE 


a.  Choose  a  and  6,  the  probabilities  of  making  Type  I  and 
Type  II  errors  respectively. 

b.  Choose  the  allowable  amount  of  error. 

c.  Compute  d2 ,  an  intermediate  value,  as  follows: 

(1)  Divide  e  by  a. 

(2)  Square  step  (1). 

d.  Use  Table  B-4,  page  2-4,  to  obtain  Zi_a  and  Zj_g. 

e.  If  a  is  known,  compute  N^  as  follows: 

(1)  Add  Z  j_  to  2  j  . 

(2)  Square  step  (1). 
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(3)  Divide  step  (2)  by  step  c  and  round  to  the  next 
larger  whole  number. 

f.  If  a  la  unknown,  add  3  to  step  e  for  o  ■  .01,  2  for  a  -  .05, 
or  1  for  a  -  .10. 

g.  Conclude  that  Nc  samples  are  required  to  determine  whether 

u  is  equal  to  or  greater  than  u<j  +  £  (or  equal  to  or  less  than  p0  -  e)  at  the 
desired  confidence  level. 

6. 2. 3. 4  EXAMPLE 


Given: 
o  -  .12 


Procedure:  Example: 


a. 

Choose  a  and  8. 

a. 

a  -  .01 

1-a  -  .99 

6  -  .20 

1-6  -  .80 

b. 

Choose  e. 

b. 

e  -  .05 

c. 

Compute: 

c. 

d2  -  (.05/. 12)2 

"  (.4167)2 

d2  -  (e/a)2 

-  .1736 

d. 

Use  Table  B-4,  page  2-4, 

d. 

Z.99  -  2.326 

to 

obtain  Z i_a  and  Z^-g. 

Z.80  *  -84 

When  a  is  known,  compute: 

„  (2. 326+. 84)2 

e. 

e. 

1  ,173b 

„  !zi-o+zi-e>2 

Nt"— d* - 

(3.166)2 

.1736 

10.024 

.1736 

-  57.74 

=■  58 

f . 

When  a  is  unknown  and  a  value 

f . 

Since  a  •  .01 

is 

assumed,  compute: 

Nt 

(2. 326+. 84)2  ^ 

(1) 

a  *  -01 

.1736 

(Zl-,+zl-fl> 

=»  61 

(2)  o  =  .05 

(Zl-a+Z!-6> 

N.  =  _  +  - 
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(3)  a  -  .10 


(Zi^+Z^g)2 


g.  Conclude  that  Nt  samples  are 
required  to  determine  whether 
y  i  U0  +  e  (or  y  £■  y0  -  e)  at  a 
100(l-a)%  confidence  level. 


g.  Conclude  that  58  samples, 
for  o  known  and  equal  to  .12 
(or  61  samples  for  o  assumed 
equal  to  .12),  roust  be  tested 
in  order  to  determine  whether 
y  i  y0  +  .05  (or  y  y0  -  .05) 
at  a  99%  confidence  level. 

NOTE:  If  o  is  really  less  than 
.12,  Nj  is  more  than 
adequate. 


6. 2. 3. 5  ANALYSIS 


If  o  is  overestimated,  the  consequences  are  twofold:  first, 

Nt  is  overestimated;  second,  by  employing  a  Nt  that  is  larger  than  necessary, 
the  actual  value  of  6  will  be  somewhat  less  than  intended  at  the  same  con¬ 
fidence  level,  a  consequence  which  is  never  undesirable.  On  the  other  hand 
if  a  is  underestimated,  Nt  is  underestimated.  Therefore,  Nt  must  be  re¬ 
computed  and  additional  items  must  be  tested  if  possible,  g  will  be  larger 
than  intended,  at  the  same  confidence  level.  Thus,  overestimating  a  is 
safer  than  underestimating  a. 

6.3  COMPARING  TWO  OBSERVED  MEANS 


a.  An  observed  mean  is  generated  from  a  sample  and  is  re¬ 
presentative  of  y.  This  value  of  X  is  then  required  to  meet  a  standard  item 
X  which  is  representative  of  the  standard  items  population.  Looking  at  the 
values  of  the  means  (XA  and  Xg)  to  decide  whether  yA  is  greater  than  yg  or 
^A  is  less  than  yB  at  a  confidence  level  is  insufficient.  Since^ the  decision 
pertains  to  the  populations,  statistical  tests  must  be  applied  XA  and  XD 

to  determine  whether  uA  is  greater  than  uB  or  uA  is  less  than  B.  The 
statistical  tests  use  the  sample  means  as  estimates  of  the  population  means. 

b.  Type  A  generally  represents  the  test  item  and  Type  B  the 
standard  item  when  testing  the  hypothesis  that  y^  19  greater  than  yg.  However, 
to  prove  that  the  average  performance  of  the  test  item  is  less  than  that  of 
the  standard  item.  Type  A  must  represent  the  standard  item  so  that  the 
hypothesis,  uA  is  greater  than  yg,  can  be  tested. 

c.  When  the  null  hypothesis  is  y^  in  greater  than  yg,  the 
alternative  hypothesis  is  there  is  no  reason  to  believe  that  yA  is  greater 
than  yg. 


d.  There  are  four  different  procedures  available  to  test  the 
null  hypothesis.  Following  are  the  conditions  which  dictate  the  appropriate 
test : 
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(1)  The  variabilities  of  A  and  B  are  unknown  but  assumed 
equal  (oA  -  an).  This  test  also  applies  when  N^  * 

NB  even  though  oA  J  oB  (see  paragraph  6.3.11 

page  46. 

(2)  Hie  variabilities  of  A  and  B  are  unknown  but  assumed 
unequal  (oA  /  03)  for  unequal  sample  sizes  (see  para¬ 
graph  6. 3.1.2,  page  49). 

(3)  The  variabilities  of  A  and  B  are  known  from  previous 
experience;  thus,  oA  may  or  may  not  equal  03  (see 
paragraph  6. 3. 1.3,  page  51). 

(4)  The  observations  are  paired;  i.e.,  individual  Type 

A  and  Type  B  items  are  tested  alternately  such  that  the 
items  in  each  pair  arc  tested  under  the  same  condition. 
Obviously,  NA  _  Ng  (see  paragraph  6. 3. 1.4,  page  53). 

NOTE:  The  procedure  in  subparagraph  (1)  is  also  valid  for 
paired  observations  since  NA  "  Ng;  however,  the 
procedure  in  subparagraph  (4)  is  only  valid  for  paired 
observations . 

6.3.1  XA  GREATER  THAN  XB 

6. 3. 1.1  oA  AND  oB  UNKNOWN  BUT  ASSUMED  EQUAL 

6. 3. 1.1.1  OBJECTIVE 


To  determine  whether  pA  is  greater  than  uB  at  the  desired  con¬ 
fidence  level  when  the  population  standard  deviations  of  A  and  B  are  unknown 
but  aA  is  assumed  equal  to  oB. 

6. 3. 1.1. 2  DATA  REQUIRED 

A  list  of  sample  readings. 

6. 3.1. 1.3  PROCEDURE 

a.  C' oose  the  desired  confidence  level. 

b.  Compute  XA  and  XB  (see  paragraph  6. 1.1.3,  page  26). 

c.  Compute  14^  and  I£g  as  follows: 

(1)  Compute  the  deviation  from  the  mean  for  each  reading 
(AA  *  XA  “  XA  and  ie  'e  -  >„) 

(2)  Square  each  deviation  ( AA i  and  Ag2). 

(3)  Sum  the  squared  deviations  ror  each  of  the  two  items 
(li^  and  ZAjj). 

d.  Use  Table  B-5,  page  2-5,  t0  obtain  tj_a  for  (N^+Ng-2)  d.f. 
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e.  Compute  the  combined  standard  deviation  (sp)  of  the  items 

as  follows: 

(1)  Add  1a|  to  IAg. 

(2)  Add  Na  TO  N’b. 

(3)  Subtract  2  from  step  (2). 

(4)  Divide  step  (1)  by  step  (3). 

(5)  Find  the  square  root  of  step  (4). 

f.  Compute  e  as  follows: 

(1)  Add  Na  to  Ng. 

(2)  Multiply  Na  by  Ng. 

(3)  Divide  step  (1)  by  step  (2). 

(4)  Multiply  step  e  by  the  square  root  of  step  (3). 

(5)  Multiply  step  d  by  step  (4). 

g.  Subtract  c  from  to  obtain  the  LCL. 

h.  If  l(g  is  less  than  the  LCL,  decide  that  pa  greater  than 
ug;  otherwise,  there  is  no  reason  to  believe  pa  greater  than  pg  at  the 
desired  confidence  level. 

6. 3. 1.1. 4  EXAMPLE 

Given: 

Sample  data  at  Table  A-2b,  page  1-3,  and  Table  A-2c,  page  1-4. 
Procedure:  Example: 


a.  Choose  the  confidence 
level  (1-a). 

b.  Compute: 


c.  Compute1 


a.  -  -  .OS 
1-a  -  .95 

b.  XA  =  5401.40 

=  5401  meters 
Ag  -  5372.25 
=  5372  meters 

See  paragraph  6. 1.1.4,  page  26. 

c.  =  3,552.80 


“A 


i.  A£  =  2,899.70 

See  paragraph  7. 1.1. 4,  page  65. 
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d.  Use  Table  B-5,  page  2-5,  d.  Nx+N, -2  -  20+20-2 

to  obtain  t^  for  (NA+NB-2)  d.f.  -  38 

t . 95  for  38  d.f.  -  1.687 


10  d.f. 


NOTE:  If  the  necessary  d.f.  is 

not  in  Table  B-5,  page  2-5, 
Interpolate  to  find  the 


value  of  tj^. 
for  30  d.f.  -  1.697: 


for  38  d.f. 


for  40  d.f.  -  1.684 


013 


e.  Compute: 


f.  Compute: 

£  “  ‘l-a^p 


g.  Compute: 

LCL  -  X A  -  e 

h.  If  Xg  <  LCL,  decide  that 
UA  >  UB>  otherwise,  there  is 
no  reason  to  believe 

uA  >  t-B  at  a  10(X  1— oi)Z 
confidence  level. 


—  ■  x 

10  .013 

(10)  x  -  (.013) (8) 

x  -  (.013) (8)/10 

-  .104/10 

-  .010 

Since  the  t  value  decreases 
for  Increasing  d.f.,  subtract 
.010  from  1.697.  Thus,  t  95 
for  38  d.f.  -  1.687 


t  -  (1.586  (13.03)  ^40/400 

-  (1.687)  (13.03)  rfT 

-  (21.97  (.3162) 

-  5.947 

LCL  -  * ';qi. 40-6. 95 
-  5394.45 
»  5394  meters 


h.  Since  5372  <  5394,  decide 
that  ua  >  5372  meters  at  a  952 
confidence  level. 


\ 
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6. 3. 1.1. 5  ANALYSIS 


If  <  LCL,  the  null  hypothesis  that  uA  >  ug  is  accepted; 
otherwise,  there  is  no  reason  to  believe  pA  *  mb  at  the  100(l-a)X  confidence 
level  when  ^  and  g  are  unknown  and  jj  is  assumed  equal  to  g. 

6. 3. 1.2  oA  AND  oB  UNKNOWN  3UT  ASSUMED  UNEQUAL 

6. 3. 1.2.1  OBJECTIVE 

To  determine  whether  uA  is  greater  than  ug  when  the  population 
standard  deviations  of  A  and  B  are  unknown  but  are  assumed  unequal. 

6. 3. 1.2. 2  DATA  REQUIRED 

A  list  of  sample  readings. 

6. 3. 1.2. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Compute  XA ,  s^,  Xg,  and  s§  (see  paragraphs  6. 1.1. 3,  page  26, 
and  7. 1.1. 3,  page  64). 

c.  Compute  VA  AND  Vg,  intermediate  values,  by  dividing  s^  by 
Na  and  s|  by  Ng  respectively. 

d.  Compute  the  effective  number  of  d.f.  (e.d.f.)  as  follows: 


(1) 

Add  VA  to  Vg. 

(2) 

Square  step  (1) 

. 

(3) 

Square  VA> 

(4) 

Square  Vg. 

(5) 

Divide  step  (3) 

by  the  sum  of 

na+i. 

(6) 

Divide  step  (4) 

by  the  sum  of 

Ng+1. 

(7) 

Add  step  (5)  to 

step  (6). 

(8) 

Divide  step  (2) 

by  step  (7) . 

(9) 

Subtract  2  from 

step  (S). 

(10) 

Round  step  f9). 

e.  Use  Table  B-5,  page  7-5,  to  obtain  ti  e_>r  the  e.d.f. 

f.  Compute  e  as  follows: 

(1)  Add  VA  to  Vg. 

(2)  Multiply  step  e  b>  the  square  root  of  step  (1). 

g.  Subtract  e  from  X  to  obtain  the  LCL. 
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e.  Use  Table  B-5,  page  2-5, 
to  obtain  tUo  for  e.d.f. 


f.  Compute: 

g.  Compute: 

LCL  -  XA  -  e 

h.  If  Xg  <  LCL,  decide  that 
yA  >  y3»  otherwise,  there  is 
no  reason  to  believe 
pa  >  ug  at  a  100(l-a)% 
confidence  level. 

6. 3. 1.2. 5  ANALYSIS 

If  Xg  <  LCL,  the  null  hypothesis  that  pA  >  pA  is  accepted; 

otherwise,  tfyere  is  no  reason  to  believe  p^  >  PB  a£  a  100(l-a)%  confidence 

level  when  .  and  1  are  unknown  and  c.  assumed  eaual  to  1 . 

Ad  A  B 

6. 3. 1.3  crA  AND  oB  KNOWN  FROM  PREVIOUS  EXPERIENCE 


6.3. 1.3.1  OBJECTIVE 

To  determine  whether  ua  is  greater  than  pg  when  oa  and  og  are 
known  from  previous  experience. 

6. 3. 1.3. 2  DATA  REQUIRED 

A  list  of  sample  readings  and  oa  and  og,  which  are  known  from 
previous  testing. 

6. 3. 1.3. 3  PROCEDURE 


e.  t,95  for  22  d.f.  **  1.717 

f.  e  -  (i.7i7)  TirruTsT 

-  (1.717)  25.90 

-  (1.717)  (5.089) 

-  8.738 

g.  LCL  -  5401.40  -  8.74 

-  5392.66 
■  5392  meters 

h.  Since  5378  <  5392,  decide  that 
PA  >  5378  meters  at  a  95% 

confidence  level. 


a.  Choose  the  desired  confidence  level. 

b.  Use  Table  B-4,  page  2-4,  to  obtain  Zj_a. 

c.  Compute  XA  and  Xfi  (see  paragraph  6. 1.1. 3,  page  26), 

d.  Compute  e  as  follows: 

(1)  Square  oA. 

(2)  Square  Og. 

(3)  Divide  step  (1)  by  NA> 
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(4)  Divide  step  (2)  by  Ng. 

(5)  Add  step  (3)  to  step  (4). 

(6)  Multiply  step  b  by  the  square  root  of  step  (5). 

e.  Subtract  c  from  XA  to  obtain  the  LCL. 

f.  If  XB  is  less  than  the  LCL,  decide  that  uA  is  greater  than 
Ug;  otherwise,  there  is  no  reason  to  believe  pa  is  greater  than  ug  at  the 
desired  confidence  level. 


6. 3. 1.3. 4  EXAMPLE 


Given: 

Sample  data  at  Table  A-2b,  page  1-3,  and  Table  A-2c,  page  1-4. 
<JA  •  14.0  meters 
og  -  12.0  meters 

Procedure:  Example: 


a. 

Choose  the  confidence 

a. 

a  -  .05 

level  (1-a) . 

1-a  -  .95 

b. 

Use  Table  B-4 ,  page  2-4, 

b. 

Z<95  -  1.645 

to 

obtain  Zj_a. 

c. 

Compute : 

c . 

XA  *  5401.40 

*A 

-  5401  meters 

XB  -  5372.25 

»  5372  meters 

See  paragraph  6. 3. 1.1. 4,  page  47. 

d. 

Compute : 

rtrt 

d. 

e  -  (1 

-  (1 

•  645)  rj[a4.0)2/20]  +  [(12.0)2/20] 

.645)  (196. 0/20, +(144. 0/20) 

-  (1 

.645)  J  9.80  +  7.20 

-  (1 

.645)  J  17.00 

»  (1 

.645)  (4.12) 

-  6. 

78 

e. 

Compute : 

e. 

LCL  »  5401.40  -  6.78 

LCL  -  X  -  e 

-  5394.62 

*  5394  meters 
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f.  If  Xg  <  LCL,  decide  that 

yA  >  UBJ  otherwise,  there  is 
no  reason  to  believe  pA  >  pb 
at  a  100(l-a)Z  confidence  level. 

6. 3. 1.3. 5  ANALYSIS 

If  Xjj  <  LCL,  the  null  hypothesis  that  pA  >  pg  is  accepted; 
otherwise,  there  is  no  reason  to  believe  pA  >  pg  at  a  100(l-a)%  confidence 
level  when  ®  and  g  are  known  from  previous  testing. 

6. 3. 1.4  PAIRED  OBSERVATIONS 

6. 3. 1.4.1  OBJECTIVE 

To  determine  whether  pA  is  greater  than  pg  when  the  observations 
are  paired  (see  subparagraph  6.3  d  (4),  page  45. 

6. 3. 1.4. 2  DATA  REQUIRED 

A  list  of  paired  sample  readings. 

6. 3. 1.4. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Compute  the  difference  between  the  reading  for  Type  A  and 
the  reading  for  Type  B  (x^  *  xA  -  Xg)  for  each  pair  of  observations. 

c.  Compute  the  mean  of  the  differences  (Xj),  (see  paragraph 
6. 1.1. 3,  page  26). 

d.  Compute  the  standard  deviation  of  the  differences  (s<j)  , 

(see  paragraph  7. 1.1. 3,  page  64). 

e.  Use  Table  B-5,  to  obtain  tj_a  for  N-l  d.f. 

f.  Compute  e  as  follows: 

(1)  Divide  step  d  by  the  square  root  of  N. 

(2)  Multiply  step  e  by  step  (1). 

g.  If  Xd  is  greater  than  e,  decide  that  pA  is  greater  than  pg; 
otherwise,  there  is  no  reason  to  believe  pA  is  greater  than  pg  at  the  desired 
confidence  level. 

6. 3. 1.4. 4  EXAMPLE 
Given : 

Sample  data  at  Table  A-2e,  page  1-6, 


f.  Since  5372  <  5394,  decide  that 
p.  >  5372  meters  at  a  95%  confidence 
level . 
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Procedure : 

a.  Choose  the  confidence 
level  (1-a) . 

b.  Compute  xd  for  each  pair 
of  readings. 

xd  *  XA  “  XB 


c.  Compute  X<j. 


d.  Compute  sd. 


e.  Use  Table  B-5,  page  2-5 
to  obtain  ti_a  for  N-l  d.f. 

f .  Compute ■ 


sd 


g.  If  Xj  >  e,  decide  that 
UA  >  UB ’  otherwise,  there  is 
no  reason  to  believe  >  ug 

at  a  100 (1— j ) %  confidence  level. 
6. 3. 1.4. 5  ANALYSIS 


Example : 

a.  a  ■  .05 
1-a  ”  .95 

b.  (1)  xd  -  146  -  141 

-  5 

(2)  xd  -  141  -  143 

»  -2 

See  Table  A-2e ,  page  1-6 
for  complete  list. 

c.  Xd  -  -0.10 

*  -0.1  amp.  hr. 

See  paragraph  6. 1.1. 4,  page  26. 

d.  sd  *  2.81 

*  2.8  amp.  hr. 

See  paragraph  7.1. 1.4,  page  65. 

e.  ti95  for  9  d.f.  *  1.833 

f.  e  -  (1.8331(2.81)/  Jl O' 

-  5.15/3.16 

-  1.63 

■  1.6 

g.  Since  -0-1  i  1.6,  decide  that 
there  is  no  reason  to  believe 

UA  >  tig  at  a  95£  confidence  level. 


If  Xd  >  u ,  the  null  hypothesis  that  uA  >  Pg  is  accepted; 
otherwise,  there  is  no  reason  to  believe  pa  >  Ug  at  a  100(1-0%  confidence 
level  'hen  the  observations  are  paired. 


6. 3. 1.5  DETERMINATION  OF  SAMPLE  SIZE 
6 . 3 . 1 . 5 . 1  OBJECTIVE 

To  determine  the  Nt  required  to  determine  whether  uA  is  equal 
to  or  greater  than  pg  +  t  (or  equal  to  or  less  than  Pg  -  e)  at  the  desired 
confidence  level  when: 

a.  Case  I.  The  variabilities  of  A  and  B  are  unknown  but 
assumed  equal. 

b.  Case  11.  The  variabilities  of  A  and  B  .are  unknown  but 

a.  sun...!  o qua !  . 
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c.  Case  III.  The  variabilities  of  A  and  B  are  known  from 
previous  experience. 

d.  Case  IV.  The  observations  are  paired  (see  subparagraph 
6.3d  (4) ,  page  45) . 

6. 3. 1.5.2  DATA  REQUIRED 

a.  Case  I.  An  approximation  of  the  value  that  o  (o^  =  Og)  will 

assume. 

b.  Case  II.  An  approximation  of  the  values  that  o^  and  ob 

assume. 

c.  Case  III.  The  values  of  and  a g  which  are  known  from 
previous  experience. 

d.  Case  IV.  An  approximation  of  the  population  standard 

deviation  of  the  differences  (o<j  ~  ~  g jwhere  ^  and  g  are  approximations) 

for  the  pairs  concerned. 

6. 3. 1.5. 3  PROCEDURE 


a.  Case  I. 


(1)  Choose  a  and  6,  the  probabilities  of  making  Type  I 
and  Type  II  errors  respectively. 

(2)  Choose  the  allowable  amount  of  error. 

(3)  Compute  d?  ,  an  intermediate  value,  as  follows: 


(4 

O. 


(a)  Square  o. 

(b)  Multiply  step  (a)  by  2. 


(c) 

Square 

£  . 

(d) 

Divide 

step 

(c)  by  step 

(b). 

Use 

Table  B 

-4  ,  page  2-4 ,  to 

obtain  Z1-a  and 

2  .8- 

Compute  Nt 

(Nt  = 

NA  =  nb)  as 

follows : 

(a) 

Add  Zj 

a  to 

Zl-3- 

(b) 

Square 

step 

(a)  . 

(c) 

Divide 

step 

(b)  by  step 

(3). 

(d) 

If  a  = 

.01, 

add  2  to  step  (c)  and  round 

up ;  and 

if  a  * 

.05, 

add  1  to  step  (c)  and  round 

up. 

(6)  Conclude  that  Nt  samples  of  each  item  are  required 
to  determine  whether  is  equal  to  or  greater  than 
U3  +  e  (or  equal  to  or  less  than  ug  -  e)  at  the  desired 
confidence  Levtl. 


b.  Case  II. 


(1)  Choose  i  and  ,  i  he  probabilities  of  making  Tvpe  I 
and  Type  II  errors  respectively. 
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6. 3. 1.5. 4 


Procedure : 

(1)  Choose 

(2)  Choose 


(2)  Choose  the  allowable  amount  of  error. 

(3)  Compute  d2,  an  Intermediate  value,  as  follows: 

(a)  Square  a A. 

(b)  Square  ag. 

(c)  If  Na  -  Ng,  add  step  (a)  to  step  (b) . 

(d)  If  NA  is  a  multiple  of  Ng ;  i.e.,  NA  -  C(Ng), 
multiply  step  (b)  by  C  and  add  the  product  to 
step  (a). 

(e)  Square  e. 

(f)  Divide  step  (e)  by  the  value  from  step  (c) 
if  Na  *  Ng  or  by  the  value  from  step  (d)  if 
%  *  C (Ng) . 

(4)  Use  Table  B-4,  page  2-4,  to  obtain  Z;_a  and  z^a 

(5)  Compute  Nt  (Nt  -  NA  =•  Ng)  as  follows: 

(a)  Add  ZUa  to  Z j_g . 

(b)  Square  step  (a). 

(c)  Divide  step  (b)  by  step  (3)  and  round  up. 

(6)  Conclude  that  samples  of  each  item  are  required 

to  determine  whether  uA  is  equal  to  or  greater  than  ug 
+  e  (or  equal  to  or  less  than  ug  -  t)  at  the  desired 
confidence  level. 

c.  Case  III. 

Same  as  Case  II. 

d.  Case  IV. 

Same  as  paragraph  6.2. 3.3,  page  43 

NOTE:  a  in  paragraph  6. 2. 3. 3  represents  od . 

EXAMPLE 

a.  Case  I. 

Given: 

o  *  2.6 


a  and  6. 


Example : 

(1)  u  =»  .05 
l-o  -  .95 
6  =  .20 
1-6  =  .80 

(2)  e  =  1.05 
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(3)  Compute: 

d2  »  e2/2 a2 


(4)  Use  Table  B-4,  page  2-4 
to  obtain  and  Zj_g. 


(5)  Compute: 

(a)  For  a  *  .01, 


Nr 


(b)  Fo  a  *  .05, 

Z.-a  +  2i,.e)2  i 
d2 


(0)  Conclude  that  Nt  samples  of 
each  item  are  required  to  determine 
whether  uA  £  uB  +  e  (or  pA  £  uB  _  c) 
at  a  100(l-a)%  confidence  level. 

b.  Case  II. 

Given 
CTA  =  2*2 
aB  =  3.0 

NA  *  NB 

Procedure : 

(1)  Choose  a  and  6. 


(3)  d2  -  1.052/2(2.6)2 

-  1.1025/2(6.76) 

-  1.1025/13.52 

-  .08155 

(4)  2. 95  -  1.645 

2.80  *  *84 


Since  a  »  .05, 

..  (1.645  +  .84)2 

flf  *  ■■  —  - - —  +  1 

.08155 
m x (2. 485)2 

.08155  +  1 

,  6.175  +  j 

.08155 

-  75.72  +  1 
=*  76.72 

-  77 

(6)  Conclude  that  77  samples 
of  each  item  for  a  assumed  and 
equal  to  2.6,  must  be  tested 
in  order  to  determine  whether 
HA  i  Hb  +  1.05  (or  ha  £  ub  -  1 
at  a  95%  confidence  level. 


Example : 

(1)  a  =  .05 
1-a  =  .95 
8  =  .20 
1-8  =  .80 


05) 
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d.  Case  IV. 

Same  as  paragraph  6. 2. 3. 4,  page  44. 

NOTE:  a  in  paragraph  6. 2.3.4  represents  ad- 
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* 


6. 3. 1.5. 5  ANALYSIS 


If  a  is  overestimated,  the  consequences  are  twofold;  first, 

Nt  is  overestimated;  second,  by  employing  a  Nt  that  is  larger  than  necessary, 
the  actual  value  of  S  will  be  somewhat  less  than  intended  at  the  same  con¬ 
fidence  level,  a  consequence  which  is  never  undesirable.  On  the  other  hand 
if  a  is  underestimated,  Nt  is  underestimated.  Therefore,  Nt  must  be  re¬ 
computed  and  additional  items  must  be  tested  if  possible.  0  will  be  larger 
than  intended  at  the  same  confidence  level.  Thus,  overestimating  a  is  safer 
than  underestimating  o. 

6.3.2  COMPARING  THE  MEANS  OF  SEVERAL  PRODUCTS 

6. 3. 2.1  OBJECTIVE 

To  determine  whether  the  means  of  several  products  differ. 

6. 3. 2. 2  DATA  REQUIRED 

A  list  of  sample  readings. 

6-3. 2. 3  PROCEDURE 


a.  Case  I.  Ni  «  N2  «■  N3  *  . . .  *  NK  -  N 

(1)  Choose  the  desired  confidence  level. 

(2)  Compute  s2  for  each  product  (see  paragraph  7. 1.1. 3, 
page  64) . 

(3)  Compute  d.f.j  and  d.f.2  as  follows: 

(a)  Set  d.f.j  equal  to  K. 

(b)  Sum  the  N's  and  subtract  step  (a)  to  obtain  d.f.2. 

(4)  Compute  the  average  variance  (s^)  as  follows: 

(a)  Sum  s2 ' s . 

(b)  Divide  step  (a)  by  the  number  of  products  (K) . 

(5)  Use  Table  B-6,  page  2-6,  to  obtain  qi_a  for  (d . f . j , 
d.f.J  d.f. 

(6)  Compute  e  as  follows: 

(a)  Multiply  step  (5)  by  the  square  root  of  step  (4) , 

(b)  Divide  step  (a)  by  the  square  root  of  N. 

(7)  If  the  absolute  difference  between  any  two  sample 
means  is  greater  than  e,  decide  that  those  means  differ; 
otherwise,  there  is  no  reason  to  believe  the  means  differ 
at  the  desired  confidence  level. 

b.  Case  II.  The  N's  are  unequal. 
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(1)  Choose  the  desired  confidence  level. 

(2)  Compute  s2  for  each  product  (see  paragraph  7. 1.1. 3, 
page  6^. 

(3)  Compute  d.f.j  and  d.f.2  as  follows: 

(a)  Set  d.f.jequal  to  K. 

(b)  Sum  the  N's  and  subtract  step  (a)  to  obtain  d.f.?. 

2 

(4)  Compute  sj^  as  follows: 

(a)  Subtract  one  from  each  N. 

(b)  Multiply  step  (a)  by  the  s2  of  the  particular 
sample . 

(c)  Sum  the  products  generated  by  step  (b). 

(d)  Divide  step  (c)  by  step  (3)  (b). 

(5)  Use  Table  B-6,  page  2-6,  to  obtain  q1-a  for  (d.f.j, 
d . f . 2 )  d.f. 

(6)  Compute  H,  an  intermediate  value,  as  follows: 

(a)  Take  the  reciprocal  of  each  N  (1/N) . 

(b)  Sum  the  reciprocals  generated  by  step  (a). 

(c)  Divide  K  by  step  (b). 

(7)  Compute  e  as  follows: 

(a)  Multiply  step  (5)  by  the  square  root  of  step  (4). 

(b)  Divide  step  (a)  by  the  square  root  of  step  (6). 

(8)  If  the  absolute  difference  between  any  two  sample 
means  is  greater  than  t,  decide  that  those  means  differ; 
otherwise,  there  is  no  reason  to  believe  the  means 
differ  at  the  desired  confidence  level. 

6. 3. 2. 4  EXAMPLE 

a.  Case  I. 

Given: 


Nj  -  N2  -  N, 
Sample  data  a 

Procedure : 

(1)  Choose  the  confidence 
level  (1-a). 

(2)  Compute: 


N4  »  N 

Table  A-2f,  page  1-7. 

Example : 

(1)  a  -  .10 

1-a  =■  .90 

(2)  s']  -  406.00 
s2  *  574.80 
si  =  636.80 


s?  =  159.30 

*4 

See  paragraph  7. 1.1.4,  page  55 
for  example  computations. 
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(3)  Compute: 
d. f . i  -  K 

d.f.2  -  (IN)  -  K 


(4)  Compute: 


a 


l 

K. 


Is2 

K 


(5)  Use  Table  B-6,  page  2-6, 

to  obtain  qUa  for  (d.f .  x  ,d.f  .2)  d.f. 

(6)  Compute: 


(7)  If  the  absolute  difference 
between  any  two  sample  means  is 
greater  than  e,  decide  that  those 
means  differ;  otherwise,  there  is 
no  reason  to  believe  the  means 
differ  at  a  100(l-a)%  confidence 
level. 


(3)  d.f.j  -  4 

d.f. 2  -  (5+5+5+5)-4 

-  20  -  4 

-  16 

(4) 

2  406.00+574.80+636.80+159.30 

K  4 

1776.90 

4 

-  444.22 

(5)  q.go  for  (4,16)  d.f.  -  3.52 

(6)  z  -  (3.52)  J444.22 /  ,jr 

-  (3.52) (21.07)/ 2. 236 

-  74.17/2.236 

-  33.17 

(7)  1  and  3 

Is  J534. 00-562. 60  |  >  33.2? 

28.6  1  34 

Since  29  i  34,  decide  that 
the  means  of  Types  1  and  3  do  not 
differ  at  a  90%  confidence  level. 

NOTE:  Check  the  difference 
between  the  smallest 
and  largest  means 
first.  If  that 
difference  is  not 
greater  than  z  , 
conclude  that  none 
of  the  remaining 
differences  will  be 
larger  than  z.  How¬ 
ever,  if  the  difference 
is  greater  than  z, 
then  continue  checking 
the  remaining  5 
differences. 
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Procedure : 


Case  II. 

Given: 

Ni  *  N2  +  N3  »»  Nl, 

Sample  data  at  Table  A-2-i,  page  1-8. 

Example : 


(1)  Choose  the  confidence 
level  (1-a). 


(2)  Compute: 

>!■ 


s2  s2  S2  s2 
si  *  s~,  *  3  •  S4 


(1)  a  -  .10 
1-a  -  .90 

(2)  a2  -  4912.90 

s2  -  310.70 
a2  -  212.50 


a2  -  1190.50 

4 


(3)  Compute: 
d.f.j  -  K 

d. f . 2  -  (IN)  -  K 

(4)  Compute: 

(N1-1)s2+(N2-1)s2  +  (N3-1)s2-*-(N1.-1)S2 


See  paragraph  7.1. 1.4,  page  65 
for  example. 

(3)  d . f . i  -  4 

d.f.2  -  (7 +5+9+7) -4 

-  28-4 

-  24 

(4) 


d.f  .2 

2  (6)  (4912 . 9Q)+(4)  (310. 70)+(8)  (212. 50)+(6)  (1190. 50) 


s 


K  24 

29477.4+1242.8+1700.0+7143.0 


24 


39,563.2 

24 

-  1648.47 

(5)  Use  Table  B-6,  page  2-6, 
to  obtain  qj_a  for  (d  .  f ,  i  ,d  .  f  .  2  )  d.f. 

(6;  Compute: 

V 

H  * 


(5)  q.3D  for  (4,24)  *  3.42 

(6) 


j.  1  1  ^1 

N ' 


H  = 


I  +  I  +  i  +  i 

7  5  9  7 
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(7)  Compute: 


(8)  If  the  absolute  difference 
between  any  two  sample  means  is 
greater  than  c ,  decide  that  those 
means  differ;  otherwise,  there  is 
no  reason  to  believe  the  means 
differ  at  a  100(l-a)%  confidence 
level. 


(  ;  c  -  (3.42)  ,Jl648.47  Jl T7o 

-  (3.42) (40. 60)/ 2. 59 

-  138.85/2.59 

-  53.64 

(8)  (a)  2  and  3 

Is  (5011.20-5584.67 1  >  54? 

573  >  54 

Since  573  >  54,  decide  that 
the  means  of  Types  2  and  3  differ 
at  a  902  confidence  level. 

NOTE:  Since  the  difference 
between  the  smallest 
and  largest  mean 
produces  a  difference 
decision,  repeat  step 
(8)  for  the  next 
largest  difference. 

(b)  3  and  4 

Is  J 5584. 67-5147. S* |  >  ?4? 

436.81  >  54? 

437  >  54 

Since  437  >  54,  decide  that 
the  means  of  Types  3  and  4  differ 
at  a  90%  confidence  level. 

(c)  1  and  3 

Is  | 5222. 29-5584. 67  J  >  54? 

362.38  >  54? 

362  >  54 

Since  362  >  54,  decide  that 
the  means  of  Types  1  and  3  differ 
at  a  90%  confidence  level. 

(d)  1  and  2 

Is  I  5222. 29-5011. 20  I  >  54’ 

l  | 

211.09  >  54? 

211  >  54 

Since  211  >  54,  decide  that 
the  means  of  Types  1  and  2  differ 
at  a  90%  confidence  level. 
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(e)  2  and  4  . 

Is  I  5011.20-5147.86  >  54?  I 

'  >  54? 

137  >  54 

Since  137  >  54,  decide  that  the 
means  of  Types  2  and  4  differ  at 
a  90Z  confidence  level. 

(f)  1  and  4 

Is  J 5222 . 29-5147 . 8feJ  >  54? 

74.43  >  54? 

74  >  54 

Since  74  >  54,  decide  that  the 

means  of  Type  1  and  4 

differ  at  a  90Z  confidence  level. 

6. 3. 2. 5  ANALYSIS 

The  population  means  of  several  products  may  be  compared  by  com¬ 
puting  the  absolute  difference  between  any  two  sample  means  and  comparing 
this  value  to  a" computed  e.  The  decision  is  relative  only  to  the  two 
products  compared.  Therefore,  this  test  only  reveals  the  relationship  bet¬ 
ween  the  means  of  two  items  at  a  desired  confidence  level  and  does  not 
necessarily  reveal  a  difference  between  one  mean  and  all  of  the  remaining 
means. 

7.  STANDARD  DEVIATION 

7.1  ESTIMATE  OF  THE  POPULATION  STANDARD  DEVIATION  Cs) . 

7.1.1  BEST  SINGLE  ESTIMATE  of  s. 

7. 1.1.1  OBJECTIVE 

To  determine  the  best  point  estimate  of  the  population  standard 
deviation  for  a  normal  distribution. 

7. 1.1. 2  DATA  REQUIRED 

A  list  of  sample  readings. 

7. 1.1. 3  PROCEDURE 

a.  Compute  T  (see  paragraph  6. 1.1. 3,  page  26). 

b.  Find  the  deviation  of  each  reading  Irora  the  mean  by  sub¬ 
tracting  the  mean  from  each  reading;  i.e.,  A  »  x  -  X. 

c.  Square  each  deviation;  i.e.,  A2. 

d.  Sum  the  squared  deviations;  i.e.,  £ A2. 

e.  Compute  s  as  follows: 

(1)  Divide  step  d  by  N-l. 

(2)  Find  the  square  root  of  step  il). 
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7. 1.1.4 


EXAMPLE 


Given: 


Procedure: 
a.  Compute  7. 


Sample  data  at  Table  A-3a,  page  1-9. 

Example : 


b.  Compute: 


v  -  X 


c.  Square  each  A. 


d.  Sum  the  A2, 

e.  Compute: 


7. 1.1. 5 


ANALYSIS 


a.  X  -  1094/10 

-  109.40 
■  109  min. 

See  paragraph  6.1. 1.4,  page  26. 

b.  (1)  A  -  100.00  -  109.40 

-  -9.40 

(2)  A  -  125.00-109.40 

-  15.60 

See  Table  A-3a,  page  l-9t 
for  complete  list. 

c.  (1)  A2  -  (-9.40)2 

-  88.36 

(2)  A2  -  (15. 60)2 

-  243.36 

See  Table  A-3a,  page  1-9 
for  complete  list. 

£A2  -  810.4 

r*i^.4o 


9  min. 


The  standard  deviation  is  a  unit  measure  of  dispersion  around 
the  mean.  In  the  case_  of  the  normal  distribution,  68%  of  the  area  under 
the  curve  is  between  X  +  s  and  X  -  s  with  u  centered  at  X  or,  in  terms 
of  the  population,  between  y  +  c  and  y  -  o  (see  Figure  13). 

7.1.2  CONFIDENCE  INTERVAL  ESTIMATES 

7. 1.2.1  TWO-SIDED  INTERVAL 

7. 1.2. 1.1  OBJECTIVE 

To  determine  a  two-sided  confidence  interval  which  is  expected 
to  bracket  0  at  the  desired  confidence  level. 

7. 1.2. 1.2  DATA  REQUIRED 


A  list  of  sample  readings. 
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Parameter 


Figure  13 

7. 1.2. 1.3  PROCEDURE 

a.  Choo-e  th*>  desired  confidence  level. 

b.  Compute  s  (see  paragraph  7. 1.1. 3,  page  64). 

c.  Use  Table  B-9,  page  2-35,  to  obtain  By  (upper  bound)  and 
By  (lower  bound)  for  N-l  d.f. 

d.  Multiply  s  by  By  to  obtain  the  UCL  and  multiply  s  by  By  to 
obtain  the  LCL. 

e.  Conclude  that  a  is  equal  to  or  between  the  UCL  and  LCL  at 
the  desired  confidence  level. 

7. 1.2. 1.4  EXAMPLE 
Given: 

Sample  data  at  Table  A-3a,  page  1-9. 

Procedure:  Example: 

a.  Choose  the  confidence  level  (1-a).  a.  a  »  .05 

1-a  »  .95 

b.  s  -  9.49 
*  9  min. 

See  paragraph  7. 1.1. 4,  page  65. 


b. 


Compute  s. 
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c.  Use  Table  B-9,  page  2-35, 
to  obtain  By  and  By  for  a  and 
N-l  d.f. 

d.  Compute: 

UCL  -  (By)  s 
LCL  -  (Bl)  s 

e.  Conclude  that  a  s  UCL  and 
o  a  LCL  at  a  100(l-a)%  confi¬ 
dence  level. 


c.  For  a  ■  .05  and  9  d.f.. 

By  m  1.746 

BL  -  .6657 

d.  UCL  -  (1.746)(9.49) 

-  16.57 

■  17  min. 

LCL  -  (.6657) (9.49) 

-  6.32 

■  6  min. 

e.  Conclude  that  as  17  min. 
and  a  a  6  min.  at  a  95%  confi¬ 
dence  level. 


7. 1.2. 1.5  ANALYSIS 

The  two-stded  interval  surrounds  0  such  that  a  s  UCL  and  0  a  LCL 
at  a  100(l-a)%  confidence  level. 

7 . 1 . 2 . 2  .iNE-SIDED  INTERVAL 

7. 1.2. 2.1  OBJECTIVE 

To  determine  a  one-sided  confidence  interval  such  that  a  s  equal 
to  or  less  than  the  UCL  (or  equal  to  or  greater  than  the  LCL)  at  the  desired 
confidence  level. 


7. 1.2. 2. 2  DATA  REQUIRED 

A  list  of  sample  readings. 

7. 1.2. 2. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Compute  s  (see  paragraph  7. 1.1. 3,  page  64). 

c.  Use  Table  B-10,  page  2-37,  to  obtain  Aj^  (or  A^,)  for 

N-l  d.f. 

d.  Multiply  A;-a  by  s  to  obtain  the  UCL  (or  multiply  Aa  by  s 
to  obtain  the  LCL) . 

e.  Conclude  that  0  is  equal  to  or  less  than  the  UCL  (or  equal 
to  or  greater  than  the  LCL)  at  the  desired  confidence  level. 

7. 1.2. 2. 4  EXAMPLE 
Given: 

Sample  data  at  Table  A-3a,  page  1-9- 


Procedure : 

a.  Choose  the  confidence  level  (1-a). 

b.  Compute  s. 


Example : 

a.  a  =  .05 
1-a  =  .95 

b.  s  =  9.49 

=  9  min. 

See  paragraph  7. 1.1. 4,  page  65. 
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c.  Use  Table  B-10,  page  2-37, 

to  obtain  (or  Aa)  for  N-l  d.f 

d.  Compute: 

UCL  -  AUa  s 

or  LCL  -  Aa  S 

e.  Conclude  that  o  *  UCL 
(or  o  i  LCL)  at  a  100(l-a)Z 
confidence  level. 

7. 1.2. 2. 5  ANALYSIS 


c.  For  9  d.f . , 

A  95  -  1.645 

(or  A. o 5  -  .7293) 

d.  UCL  -  (1.6451(9.49) 

-  15.61 

-  16  min. 

(or  LCL  -  ( .7293) (9.49) 

-  6.92 

■  6  min.) 

e.  Conclude  that  o  i  16  min 
(or  a  a  6  min.)  at  a  95% 
confidence  level. 


The  one-sided  interval  surrounds  c  such  that  o  £  UCL  (or 
u  a  LCL) at  a  100(l-a)%  confidence  level. 


7.1.3  SAMPLE  SIZE  SQUIRED  TO  ESTIMATE  THF.  POPULATION  STANDARD  DEVIATION 

7. 1.3.1  OBJECTIVE 

To  determine  the  Nt  required  in  order  to  state  that  a  lies 
within  a  specified  percentage  of  its  true  value  at  the  desired  confidence 
level. 

7. 1.3.2  DATA  REQUIRED 
None. 

7. 1.3. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Choose  the  allowable  percentage  of  error. 

c.  Use  Table  B-4 ,  page  ?-4,  to  obtain  Zi_a^. 

d.  Compute  Nt  as  follows- 

(1)  Square  step  c. 

(2)  Square  step  b. 

(3)  Multiply  step  (2)  by  2. 

(4)  Divide  step  (1)  by  step  (3)  and  round  to  the  next 
larger  whole  numLer. 

e.  Conclude  that  Nt  samples  are  required  in  order  to  state 
that  o  lies  within  an  allowable  percentage  of  error  ot  its  true  value 
at  the  desired  confidence  level. 


7.1. 3.4  EXAMPLE 
Procedure : 

a.  Choose  the  confidence  level  (1-u). 


Example : 

a.  x  =  .05 
l-<  =  .95 
1- . /  =  .975 
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b.  Choose  the  percentage  of  error, 

c.  Use  Table  B-4,  page  2-4, 
to  obtain  Z ua/2- 

d.  Compute: 

1 1-2/2  2 

Nt  *  - , 

2 (percentage  of  error)^ 


e.  Conclude  that  Nt  samples  are 
required  in  order  to  state  that 
0  lies  withit.  an  allowable  per¬ 
centage  of  its  true  value  at  a 
100(l-a)/.  confidence  level. 


b.  Percentage  of  error  «  .10 

c.  Z.975  -  1-96 


d. 


N 


t 


(1.96)2 

2(.10)2 


3.84 

2 ( . 01) 


3.84 

.02 


-  192 


e.  Conclude  that  192  samples 
are  required  in  order  to  state 
that  o  lies  within  10%  of  its 
true  value  at  a  95%  confidence 
level . 


7. 1.3. 5  ANALYSIS 

Nc  samples  are  required  in  order  to  state  that  a  lies  within 
a  certain  percentage  of  its  true  value  at  a  100(l-a)%  confidence  level. 

7.2  COMPARING  AN  OBSERVED  STANDARD  DEVIATION  (s)  TO  A  REQUIREMENT  (an) 

a.  An  observed  standard  deviation  is  generated  from  a  sample 
and  is  representative  of  a.  This  value  of  s  is  then  compared  to  a  stated 
requirement  (cr0).  However,  looking  at  the  values  of  s  and  Oo  to  decide 
whether  a  is  greater  than  o0  or  a  is  less  than  o0  at  a  confidence  level  is 
insufficient.  Since  the  decision  pertains  to  the  population,  statistical 
tests  must  be  applied  to  s  to  determine  whether  a  is  greater  than  o0  or  0 
is  less  than  a 0. 

b.  There  exist  two  possibilities  for  the  relationship  of 
s  to  0C.  Following  are  the  assumptions  and  the  circumstances  for  each 
possible  relationship: 

(1)  s  greater  than  o0. 

(a)  The  null  hypothesis  is  0  is  greater  than  a0. 

(b)  The  alternative  hypothesis  is  there  is  no  reason 
to  believe  a  is  greater  than  a0. 

(c)  The  use  of  this  test  is  appropriate  when  a0  is  a 
maximum  value  for  a  to  satisfy.  In  the  event  that 
0  must  not  be  greater  than  c0 ,  this  test  would  be 
appropriate. 

(2)  s  less  than  a0. 

(a)  The  null  hypothesis  is  c  is  less  than  o0. 

(b)  The  alternative  hypothesis  is  there  is  no  reason 
to  believe  that  a  is  less  than  cq. 
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(c)  The  use  of  this  test  is  appropriate  when  c0  is  a 
minimum  value  for  a  to  satisfy.  In  the  event  that 
a  must  meet  or  exceed  ,  this  test  would  be 
appropriate. 


7. 2.  i  s  GREATER  THAN  c„. 

7. 2 . 1. 1  OBJECTIVE 

To  determine  whether  o  is  greater  than  o0  at  the  desired  con¬ 
fidence  level. 

7. 2. 1.2  DATA  REQUIRED 


A  list  of  sample  readings. 

7. 2. 1.3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Use  Table  B-10,  page  2-37,  to  tain  A,  for  N-l  d.f. 

c.  Compute  s  (see  paragraph  7. 1.1. 3,  page  64). 

d.  Multiply  step  c  by  step  b  to  obtain  the  LCL.  The  con¬ 
fidence  interval  for  a  is  from  the  LCL  to  + 


e.  If  Oo  is  less  than  the  LCL,  decide  that  j  is  greater  than  Ur 
otherwise,  there  is  no  reason  to  believe  -  is  greater  nan  at  the  desired 
confidence  level. 


7. 2. 1.4  EXAMPLE 
Given: 

a o  *  7.0  min. 

Sample  data  at  Table  A-3a, 

Procedure : 

a.  Choose  the  confidence 
level  (l-i). 

b.  Use  Table  B-10,  page  2-37, 
to  obtain  \  for  N-l  J.f. 

e.  Compute  s. 


d.  Compute: 

I  CL  =  A,  (s> 

1  '  •  •'  LCL ,  decide  •■hat 

otherwise,  there  ?  no  r->a-<<a  to 
I:  >•  1  ;  •.  ■'-■■■  it  ..  100(1-  •;  ;o 

fidfi.e  level. 


page  1-9. 

Example  : 

a.  i  -  .05 
1-.  =  .95 

b .  For  9  d.f. 

A .  1  -  =  -7293 

c.  ..  =  9.49 

-  9  min. 

See  paragraph  7. 1.1.4,  page  65. 

d.  LCI.  =  (  .  729  J)  (9 . 49) 

-  6.921 
=  6  min. 

e .  m  rc-  *  .  iiO:  l  do 

(  hat  the:  -  . ...  rc  "son  to 

1  e 1 i eve  7.C  min.  at  i 
9  3  <  an ."  i  '  -nre  1  eve  1 . 
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7.2. 1.5  ANALYSIS 

If  oq  <  LCL,  the  null  hypothesis  that  a  >  03  Is  accepted; 
otherwise,  there  is  no  reason  to  believe  o  >  o0  at  a  100(l-a)%  confidence 
level.  The  100(l-u)%  confidence  interval  for  o  is  from  the  LCL  to  +  ®. 

7.2.2  s  LESS  THAN  gn 

7. 2. 2.1  OBJECTIVE 

To  determine  whether  a  is  less  than  Oo  at  the  desired  confidence 

level. 


7. 2. 2. 2  DATA  REQUIRED 

A  list  of  sample  readings. 

7. 2. 2. 3  PROCEDURE 


a.  Choose  the  desired  confidence  level. 

b.  Use  Table  B-10,  page  2-37,  to  obtain  Aj  a  for  N-l  d.f. 

c.  Compute  s  (see  paragraph  7. 1.1. 3,  page  64). 

d.  Multiply  step  c  by  step  b  to  obtain  the  UCL.  The  confi¬ 
dence  interval  for  a  is  from  -  ”  to  the  UCL. 

e.  If  a0  is  greater  than  the  UCL,  decide  that  o  is  less  than 
Oo;  otherwise,  there  is  no  reason  to  believe  a  is  less  than  Oo  at  the  desired 
confidence  level. 


7. 2. 2. 4  EXAMPLE 
Given: 


Oo  =  12.0  min. 

Sample  data  at  Table  A-3a,  page  1-9. 


Procedure : 

Example : 

a.  Choose  the  confidence 
level  (1-a). 

a . 

a  =  .05 

1-a  =  .95 

b.  Use  Table  B-10,  page  2-37, 
to  obtain  Aj_(  for  N-l  d.f. 

b. 

For  9  d.f., 

A. 95  =  1.645 

c.  Compute  s. 

c. 

See 

s  =  9.49 
=  9  min. 

paragraph  7. 1.1. 4,  page 

d.  Compute: 

UCL  =  AUa(s) 

d. 

UCL  =  (1.645)  (9.49) 

=  15.611 
=  16  min. 

e.  If  7  •  UCL,  decide  that 

:  <  .7- ;  otherwise,  there  is 
no  reason  to  believe  '  <  'J0 
at  a  100(l-i)£  confidence 
level . 

e.  Since  12.0  }  If, decide 

that  there  is  no  reason  to 
believe  that  j  <  12.0  min. 
at  a  95%  confidence  level. 
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7. 2. 2. 5 


ANALYSIS 


If  0O  >  UCL,  the  null  hypothesis  that  a  <  a0  is  accepted; 
otherwise,  there  is  no  reason  to  believe  o  <  u0  at  a  100(l-a)Z  confidence 
level. 

7.2.3  DETERMINATION  OF  SAMPLE  SIZE 

7. 2. 3.1  OBJECTIVE 

To  determine  the  Nt  required  to  determine  whether  a  is  greater 
than  y  o o  (or  less  than  y  o0)  at  the  desired  confidence  level. 


7.2.3. 2 


DATA  REQUIRED 
None. 


7. 2. 3. 3  PROCEDURE 

a.  Choose  a  and  8,  the  probabilities  of  making  Type  I  and  Type  II 
errors  respectively. 

b.  Estimate  s  based  on  experience  or  a  comparable  item. 

c.  Divide  s  by  o0  to  obtain  y,  an  intermediate  value. 

d.  Use  Table  B-ll,  page  2-38,  to  obtain  Nt  which  corresponds 
to  y  and  the  chosen  values  of  a  and  8.  If  one  of  these  values  is  not 
contained  in  the  table,  continue  with  step  e. 

e.  Use  Table  B-4,  page  2-4,  to  obtain  and  Zt_g. 

f.  Compute  Nt  as  follows: 

(1)  Multiply  by  step  c. 

(2)  Add  step  (1)  to  Zi_a> 

(3)  Divide  step  (2)  by: 

(a)  y-1,  if  s  is  greater  than  c0. 

(b)  I-y,  if  s  is  less  than  o0. 

(4)  Square  step  (3). 

(5)  Multiply  step  (4)  by  1/2. 

(6)  .  Add  1  to  step  (5)  and  round  to  the  next  larger  whole 

number . 

g.  Conclude  that  Nt  samples  are  required  to  determine  whether 
c  is  greater  than  v  jc  (or  is  less  than  y  a o)  at  the  desired  confidence 
level . 

NOTE:  When  y  >  1,  then  s  is  greater  than  re  ;  and  the  null 

hypothesis  is  that  r  >  y  re.  When  y  <■  1 ,  then  s  is  less 
than  r:  ;  and  the  null  hypothesis  is  that  a  <  y  a  o 

7.2. 3.4  EXAMPLE 


Given : 

J;  =  7.3 
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Procedure : 
a.  Choose  a  and  8. 


b.  Estimate  s. 

c.  Compute: 


do 


d.  Use  Table  B-ll,  page  2-38, 
to  obtain  Nt  which  corresponds 
to  y  and  chosen  values  of 

a  and  8.  If  one  of  these 
values  is  not  contained  in  Table 
B-ll,  page  2-38,  continue 
with  step  e. 

e.  Use  Table  B-4 ,  page  2-4 
to  obtain  Z1-a  and  Zj_g. 


f.  (1)  If  s  >  Oo  (y  >  1), 
compute : 

/z 

Nt  -  l+(l/2)  - 

\  ^ 

(2)  If  s  <  a0  (y  <  1), 
compute : 

/Zl-c+Y(Zl-6> 

Nt  *  1+ ( 1 / 2 )  - 


g.  Conclude  that  Nt  samples  are 
required  to  determine  whether 
a  >  y  a0  (or  a  •'  <  ~  )  at  a 
100(l-a)%  confidence  level. 


Example : 

a.  a  *  .05 
1-a  -  .95 
6  *  .20 
1-6  -  .80 

b.  s  *  9.5 

c. 


-  1.3 

d.  Since  6  “  .20  is  not  con¬ 
tained  in  Table  B-ll,  page  2-38, 
continue  with  step  e. 


e.  Z.95  *  1.645 
Z.80  “  -840 

f.  Since  9.5  >  7.3  (1.3  >  1) 

.  1+(1/2,  (1-6^1.092)2 

=  l+(l/2)  (2,73..  j  2 

=  1+ (1/2 ) (9. 123)2 

=  l+(l/2) (83.229) 

-  1+41.614 
=  42.614 
=  43 

g.  Conclude  that  43  samples 
must  be  tested  in  order  to 
determine  whether  a  >  1.3  Oq 
at  a  95%  confidence  level. 


7.2. 3.5  ANALYSIS 

a.  Initial  Nt. 

At  specified  significance  levels  of  1  and  8,  N't  samples 
are  required  :  >  determine  whether  o  >  y  o0  (or  0  <  v  00).  As  y  approaches 
1,  a  very  larce  sample  size  is  required. 
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b.  Adequacy  of  Nt. 

(1)  s  greater  than  oQ. 

After  the  initial  Nt  samples  have  been  tested, 
s  must  be  computed  and  compared  to  the  initial 
estimated  s.  If  the  computed  s  is  greater  than 
the  initial  s,  the  initial  Nt  is  adequate;  however, 
if  the  computed  s  is  less  than  the  initial  s,  the 
initial  Nt  is  inadequate.  If  Nc  is  inadequate,  Nt 
must  be  recomputed  using  the  computed  s  in  place  of  the 
initial  s;  and  additional  samples  must  be  tested  if 
possible. 

(2)  s  less  than  a0. 

After  the  initial  Nt  samples  have  been  tested,  s 
must  be  computed  and  compared  to  the  initial  estimated 
s.  If  the  computed  s  is  less  than  the  initial  s,  the 
initial  Nt  is  adequate;  however,  if  the  computed  s  is 
greater  than  the  initial  s,  the  initial  Nt  is  in¬ 
adequate.  If  Np  is  inadequate,  Nt  must  be  recomputed 
using  the  computed  s  in  place  of  the  initial  s;  and 
additional  samples  must  be  tested  if  possible. 

7.  3  COMPARING  TWO  OBSERVED  STANDARD  DEVIATIONS 

a.  An  observed  standard  deviation  is  generated  from  a  sample 
and  is  representative  of  o.  This  value  of  s  is  then  required  to  meet  a 
standard  item  s  which  is  representative  of  the  standard  items  population. 
Looking  at  the  values  of  the  standard  deviations  and  sg)  to  decide 
whether  rA  is  greater  than  rg  or  is  less  than  og  at  a  confidence  level 

is  insufficient.  Since  the  decision  pertains  to  the  populations,  statistical 
tests  must  be  applied  co  s  and  sg  to  determine  whether  oA  is  greater  than 
°r  ^  is  less  than  eg.  The  statistical  tests  use  the  sample  standard 
deviations  as  estimated  of  the  population  standard  deviations. 

b.  Type  A  generally  represents  the  test  item  and  Type  B  the 
standard  item  when  testing  the  hypothesis  that  aA  is  greater  than  Cg, 

However,  to  prove  that  the  average  performance  of  the  test  item  is  less  than 
that  of  the  standard  item,  Type  A  must  represent  the  standard  item  so  that 
the  hypothesis,  ~A  is  greater  than  eg,  can  be  tested. 

c.  When  the  null  hypothesis  is  eA  is  greater  than  jg,  the 
alternative  hypothesis  is  there  is  no  reason  to  believe  that  is  greater 
than  * g . 

d.  The  use  of  this  test  is  appropriate  when  Og  is  a  maximum 
value  for  *A  to  satisfy.  In  the  event  a  must  not  be  greater  than  ;g, 
this  test  would  be  appropriate. 

7.3.1  sA  GREATER  THAN  Sg 
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Compute : 

„2 


77 

SB 


f.  If  F  >  UCL,  decide  that 
o.  >  o„;  otherwise,  there  is 
no  reason  to  believe 
oA  >  Oj  at  a  100(l-a)% 
confidence  level. 


_  90.04 

F  -  - 

13.73 

-  6.558 

-  6.56 

f.  Since  6.56  >  2.90, 
decide  that  o.  is  greater 
than  og  at  a  95%  confidence 
level . 


7. 3. 1.5 

ANALYSIS 

otherwise, 

level. 

If  F  >  UC’  ,  the  null  hypothesis 
there  is  no  reason  to  believe  JA 

that  oA  >  og  is  accepted; 

>  og  at  a  100(l-a)%  confidence 

7.3.2 

DETERMINATION  OF  SAMPLE  SIZE 

7. 3. 2.1 

OBJECTIVE 

than  y  °B 

To  determine  the  Nt  required  to  determine  whether  oA  is  greater 
(or  less  than  y  eg)  at  the  desired  confidence  level. 

7. 3.2.2 

DATA  REQUIRED 

None. 

7. 3. 2. 3 

PROCEDURE 

II  errors 

a.  Choose  a  and  6,  the  probabilities  of  making  Type  I  and  Type 
respectively. 

b.  Estimate  sA  and  Sg  based  on 

experience  or  comparable  items. 

c.  Divide  sA  by  sg  to  obtain  y 

,  in  intermediate  value. 

d.  Use  Table  B-12,  page  2-41, 

to  obtain  Nj-  which  corresponds 

to  y  and  the  chosen  value  of  a  and  6.  If  one  of  these  values  is  not  contained 
in  the  table,  continue  with  step  e. 

e.  Use  Table  B-4,  page  2-4, to  obtain  Z;_,T  and  Zj_-. 

f.  Compute  Nt  as  follows: 

(1)  Add  Z]_t  and  Z]_„. 

(2)  Divide  step  (1)  by  the  natural  logarithm  of  step  c 
(In  v) . 

(3)  Square  step  (2). 

(4)  Add  2  to  step  (3)  and  round  up. 

g.  Conclude  that  Nt  samples  are  required  to  determine  whether 
is  greater  than  y  ~g  (or  is  less  than  >  :g)at  the  desired  confidence  level. 
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NOTE:  When  y  >  1,  then  sA  is  greater  than  sg;  and  the  null 

hypothesis  is  that  oA  >  og.  When  y  <  1,  then  sA  is  less 
than  sfi;  and  the  null  hypothesis  is  that  oA  <  Y  og. 


7. 3. 2. 4  EXAMPLE 

Procedure: 

a.  Choose  a  and  6. 


b.  Estimate  sA  and  Sg. 


c.  Compute: 


Y  -  Sa/sb 

d.  Use  Table  B-12,  page  2-41, 
to  obtain  Nt  which  corresponds 
to  y  and  the  chosen  values  of 
a  and  6.  If  one  of  these 
values  is  not  contained  in  the 
table,  continue  with  step  e. 

e.  Use  Table  B-4,  page  2-4, 
to  obtain  Zi_a  and  Z  j  _g  ^ 

f.  Compute: 


N 


t 


2  + 


/Zl_a+Zl-e\ 

yirTTy)  / 


2 


g.  Conclude  that  Nt  samples  are 
required  to  determine  whether 
°A  ^Og  (or  0A  <  y  og)  at  a 
100(l-a)%  confidence  level. 


Example : 


a  » 

.05 

1-a 

-  .95 

e  - 

.20 

1-6 

-  .80 

SA  * 

6.0 

SB  " 

4.8 

Y 


6.0 

■or 

1.250 


d.  Since  y  ■  1.250  is  not 
contained  in  Table  B-12,  page  2-41, 
continue  with  step  e. 


e.  Z.gj  *  1.645 
Z.80  *  .840 

f . 


2  +  f 1-645+. 840  V  2 


*  2  +  (11.14)2 

-  2  +  124.1 

-  126.1 
=  127 


g.  Conclude  that  127  samples 
of  eacn  item  must  be  tested 
in  order  to  determine  whether 
cA  >  1.25  0g  at  a  95Z  confidence 
level . 


7. 3. 2. 5  ANALYSIS 

a.  Initial  Nt . 
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At  specified  significant  levels  of  a  and  6,  Nt  samples  are 
required  to  determine  whether  a  a  *  y  (rr  °A  <  Y  °g)*  As  Y  appr°aches  1, 
a  very  large  sample  size  is  required. 

b.  Adequacy  of  Nt. 

(1)  sA  greater  than  Sg. 

After  the  initial  Nt  samples  have  been  tested,  s a  and 
Sg  must  be  computed.  Their  ratio  (sA/sg)  must  then  be 
computed  and  compared  to  the  initial  ratio  determined 
for  the  initial  Nt,  If  the  computed  ratio  is  greater 
than  the  initial  ratio,  the  initial  Nt  is  adequate; 
however,  if  the  computed  ratio  is  less  than  the 
initial  ratio,  t^e  initial  Nt  is  inadequate.  If  Nt 
is  inadequate,  Nt  must  be  recomputed  using  the  computed 
ratio  in  place  of  the  initial  ratio;  and  additional 
samples  must  be  tested  if  possible. 

(2)  sa  less  than  sg. 

After  the  initial  Nt  samples  have  been  tested,  sa  and 
Sg  must  be  computed.  Their  ratio  (sA/sB)  must  then  be 
computed  and  compared  to  the  initial  ratio  determined 
for  the  initial  Nt.  If  the  computed  ratio  is  less  than 
the  initial  ratio,  the  initial  Nt  is  adequate;  however, 
if  the  computed  ratio  is  greater  than  the  initial  ratio, 
the  initial  Nt  is  inadequate.  If  Nt  is  inadequate,  Nt 
must  be  recomputed  using  the  computed  ratio  in  place 
of  the  initial  ratio;  and  additional  samples  must  be 
tested  if  possible. 

8.  PROPORTION 

For  some  kinds  of  tests  there  may  be  no  wa  •  to  obtain  actual 
measurements.  An  item  may  be  subjected  to  a  test  when  the  result  of  that 
particular  test  can  be  expressed  only  in  terms  of  a  pre-established  classi¬ 
fication  of  possible  results.  The  simplest  kind  of  classification,  and 
the  one  most  widely  used,  consists  of  just  two  mutually  exclusive  cate¬ 
gories;  e.g.,  success  and  failure  or  perfect  and  defective.  The  ratio 
generated,  the  number  of  items  having  the  characteristic  divided  by  N, 
is  known  as  a  proportion  (P)  or  a  success-attempt  ratio.  In  all  examples 
P  is  computed  relative  to  failures  (f);  however,  other  variables,  such  as 
successes,  may  be  substituted. 

8.1  ESTIMATE  OF  THE  POPULATION  PROPORTION  (P) 

8.1.1  BEST  SINGLE  ESTIMATE  of  P 

8. 1.1.1  OBJECTIVE 


To  determine  the  best  point  estimate  of  the  population 
proportion  ( > )  . 
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8. 1.1. 2  DATA  REQUIRED 

N  and  the  number  of  elements  possessing  the  given  characteristic. 

8. 1.1. 3  PROCEDURE 

a.  Divide  the  number  of  sample  items  which  have  the  characteristic 
by  the  total  number  of  items  in  the  sample. 

b.  Conclude  that  P  is  the  best  estimate  of  the  proportion  of 
population  of  items  which  will  have  the  given  characteristics. 

8. 1.1. 4  EXAMPLE 
Given: 

N  *  10 
f  -  4 

Procedure : 

a.  Compute: 

P  =  characteristic/N 

b.  Conclude  that  P  is  the  best 
estimate  of  the  proportion  of 
population  items  which  will  have 
the  given  characteristic. 

8. 1.1. 5  ANALYSIS 

The  best  single  estimate  of  A  is  the  observed  proportion  of 
items  having  this  characteristic  in  a  random  sample  from  the  population; 
i.e.,  the  number  of  sample  items  which  have  the  characteristic  divided  by 
the  total  number  of  items  in  the  sample. 

8.1.2  CONFIDENCE  INTERVAL  ESTIMATES 

8. 1.2.1  TWO-SIDED  INTERVAL  FOR  N  £  30 

8. 1.2. 1.1  OBJECTIVE 

To  determine  a  two-sided  confidence  interval  which  is  expected 
to  bracket  \  at  the  desired  confidence  level  when  N  is  pqual  to  or  less  than 
30. 

8. 1.2. 1.2  DATA  REQUIRED 

N  and  the  number  of  elements  possessing  the  given  characteristic. 

8. 1.2. 1.3  PROCEDURE 
a.  Choose  the  desired  confidence  level. 


Example : 

a.  P  =  f/N 

-  4/10 
=  .4 

b.  Conclude  that  .4  is  the 
best  estimate  of  \,  the  fraction 
of  population  items  that  will 
fail. 
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b.  Use  Table  B-13,  page  2-43,  to  obtain  the  UCL  and  LCL  which 
correspond  to  N  and  the  number  of  elements  possessing  the  givkU  ehamcteristic 
at  the  desired  confidence  level. 

c.  Conclude  that  X  is  equal  to  or  between  the  UCL  and  LCL  at  the 
desired  confidence  level. 

8. 1.2. 1.4  EXAMPLE 
Given: 

N  -  10  (N  i  30) 
f  -  4 

Procedure : 

a.  Choose  the  confidence 
level  (1-a). 

b.  Use  Table  B-13,  page  2-43, 
to  obtain  the  UCL  and  LCL  which 
correspond  to  N  and  the  number 
of  elements  possessing  the  given 
characteristic  at  a  100(l-u)% 
confidence  level. 

c.  Conclude  that  X  £.  UCL  and 
A  *  LCL  at  a  100(l-a)%  confidence 
level. 

8. 1.2. 1.5  ANALYSIS 

The  two-sided  interval  surrounds  X  such  that  >  £  UCL  and  X  a 
LCL  at  a  100(l-a)%  confidence  level. 


Example : 

a.  a  -  .05 
1-a  -  .95 

b.  For  N  *  10,  f  *  4,  and 
1-a  -  .95, 

UCL  -  .733 
*  .  8 

LCL  -  .150 
-  .1 

c.  Conclude  that  X  £  .8  and 
X  a  .1  at  a  95%  confidence 
level. 


8. 1.2.2  TWO-SIDED  INTERVAL  FOR  N  >  30 
8. 1.2.2. 1  OBJECTIVE 

To  determine  a  two-sided  confidence  interval  which  is  expected 
to  bracket  X  at  the  desired  confidence  level  when  N  is  greater  than  30. 


8. 1.2. 2. 2  DATA  REQUIRED 


N  and  the  number  of  elements  possessing  the  given  characteristic. 


8 . 1 . 2 . 2 . 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Use  Table  B-4,  page  2-4,  to  obtain  Z\ 

c.  Compute  P  (see  paragraph  8.1. 1.3,  page  79). 

d.  Compute  t lie  UCL  and  LCL  as  follows: 

(1)  Multiply  P  by  the  quantity  ( 1— P ) . 

(2)  Divide  step  (1)  by  N. 
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(3)  Find  the 

(4)  Multiply 

(5)  Add  step 
step  (4) 

e.  Conclude  that 
the  desired  confidence  level. 
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square  root  of  step  (2). 
step  b  by  step  (3). 

(4)  to  P  to  determine  the  UCL  and  subtract 
from  P  to  determine  the  LCL. 

X  is  equal  to  or  between  the  UCL  and  LCL  at 


8. 1.2. 2. 4 


EXAMPLE 

Given: 


N 

f 


150  (N  >  30) 
60 


Procedure : 


a.  Choose  the  confidence 
level  (1-a 

b.  Use  Table  B-4,  page  2-4, 
to  obtain  Zi  . 

c.  Compute: 

P  -  characteristic/N 

d.  Compute: 


UCL  -  P+Zj 


/ P(l-P) 


LC!  =  P-Zj. 


/P(l-P)' 
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Example  : 

a.  a  *  .10 
1-a  -  .90 
1-a/ 2  =  .95 

b.  Z.95  -  1.645 


c.  P  =  60/150 
*  .40 


UCL  =  . 40+1 


=  .40+1.645 


4(1-. 4) 
150 

&7 


5  PiP 
sJ  150 


=  .40+1 


1.645  PT 

/v/130 

.400-1.645^.0016 

.40+1. 645 (.04) 

.40+. 07 

.47 


LCL  =  .40-1.645 


5  L ilijL 

rJ  150 


.4) 


.40-1.645(.04) 
40- . 07 
.33 


/ ' 


/ 


MTP  3-1-005 
1  March  1972 


e.  Conclude  that  A  *  UCL  and 
A  i  LCL  at  a  100(l-a)%  confidence 
level. 


e.  Conclude  that  A  s.  .47  and 
A  a  .33  at  a  90%  confidence  level 


8. 1.2. 2. 5  ANALYSIS 

The  two-sided  interval  surrounds  A  such  that  A  1  UCL  and  A  i  LCL 
at  a  100(l-a)%  confidence  level. 


8. 1.2. 3  ONE-SIDE  INTERVAL  FOR  N  *  30 
8. 1.2. 3.1  OBJECTIVE 

To  determine  a  one-sided  confidence  interval  such  that  A  is 
equal  to  or  less  than  the  UCL  (or  equal  to  or  greater  than  the  LCL)  at  the 
desired  confidence  level  when  N  is  equal  to  or  less  than  30. 


8. 1.2. 3. 2  DATA  REQUIRED 

N  and  the  number  of  elements  possessing  the  given  characteristic 

8. 1.2. 3. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Use  Table  B-14,  page  2-50,  to  obtain  the  UCL  (or  the  LCL) 
which  corresponds  to  N  and  the  number  of  elements  possessing  the  given 
characteristic  at  the  desired  confidence  level. 

c.  Conclude  that  A  is  equal  to  or  less  than  the  UCL  (or  equal 
to  or  greater  than  the  LCL)  at  the  desired  confidence  level. 


8. 1.2. 3. 4  EXAMPLE 
Given : 

N  -  10  (N  s  30) 
f  =  4 


Procedure : 

a.  Choose  the  confidence 
level  (1-a). 

b.  Use  Table  B-14,  page  2-50. 
to  obtain  the  UCL  (or  the  LCL) 
which  corresponds  to  N  and  the 
number  of  elements  possessing 
the  given  characteristic  at 

a  100(1-0%  confidence  level. 

c.  Conclude  that  ;  s  UCL  (or 

1  *  LCL)  at  a  100(1-  i)Z  confi¬ 
dence  level. 


Example : 

a .  a  =  .05 
1-a  =*  .95 

b.  For  N  =  10,  f  =  4,  and  1  -  » 

UCL  =  .696 
(or  LCL  =  1  -  .850 

=  .150 

c.  Conclude  that  '■  i  .696 

(or  '  ~  .150)  at  a  95%  confidence 
level . 
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8. 1.2. 3. 5  ANALYSIS 

The  one-sided  interval  surrounds  A  such  that  A  £  UCL 
(or  A  a  LCL)  at  a  100(l-a)%  confidence  level. 


8. 1.2. 4  ONE-SIDED  INTERVAL  FOR  N  >  30 

8.1. 2.4.1  OBJECTIVE 

To  determine  a  one-sided  confidence  interval  such  that  A  is  equal 
to  or  less  than  the  UCL  (or  equal  to  or  greater  than  the  LCL)  at  the  desired 
confidence  level  when  N  is  greater  than  30. 


8. 1.2. 4. 2  DATA  REQUIRED 

N  and  the  number  of  elements  possessing  the  given  charac ter ist ic . 

8. 1.2. 4. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Use  Table  B-4,  page  2-4 (  to  obtain  Z [ _a . 

c.  Compute  P  (see  paragraph  8. 1.1. 3,  page  79). 

d.  Compute  the  UCL  (or  LCL)  as  follows: 

(1)  Multiply  P  by  the  quantity  ( 1— P ) . 

(2)  Divide  step  (1)  by  N. 

(3)  Find  the  square  root  of  step  (2). 

(4)  Multiply  step  b  by  step  (3). 

(5)  Add  step  (4)  to  P  to  obtain  the  UCL  (or  subtract  step 
(4)  from  P  to  obtain  the  LCL). 

e.  Conclude  that  A  is  equal  to  or  less  than  the  UCL  (or  equal 
to  or  greater  than  the  LCL)  at  the  desired  confidence  level. 


8. 1.2. 4. 4  EXAMPLE 
Given: 

N  =  150  (N  >  30) 
f  =  60 

Procedure : 

a.  Choose  the  confidence 
level  (l-i). 

b.  Use  Table  B-4,  page  2-4  , 
to  obtain  Z;_(. 

c.  Compute: 


Example : 

a.  a  =  .10 
l-i  =  .90 

b.  Z. >;  =  1.282 

c.  P  =  f/N 


P  =  character ist ic/N 


=  60/150 
=  .40 
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d.  Compute: 


UCL 


P+Z 


J 


P(l-P) 

N 


(or  LCL  =  P-Z^JEpI  ) 

e.  Conclude  that  ‘  i  Ucl  (or 

1  *  LCL)  at  a  100(1-0%  confi¬ 
dence  level. 


d.  UCL  -  .40+1.282 


I 


.40+1.282 


.40+1.282 


-M 

: Ji 


4(1  -  .4) 
150 

67 

150 


.40+1.282  / . 0016 


// 


(or  LCL  = 


.40+1. 182 (.04) 
. 40+ . 0  > 

.45 

.40  -  .95 
.35) 


e.  Conclude  that  \  .45  (or 

\  +  .35)  at  a  90%  confidence 
level . 


8. 1.2. 4. 5  ANALYSIS 

The  one-sided  interval  surrounds  •  such  that  *  *.  (jCL 
(or  v  ^  LCL)  at  a  100(1-*)%  confidence  level. 

8.1.3  SAMPLE  SIZE  REQUIRED  TO  ESI I  MATE  THE  POPULATION  PROPORTION 

8. 1.3.1  SAMPLE  SIZE  WITH  A  SPECIFIED  LIMIT  OF  ERROR  IN  BOTH  DIRECTIONS 

8. 1.3.1. 1  OBJECTIVE 

To  determine  the  Nt  required  in  order  to  state  that  •  is  equal 
to  or  between  P  +  and  P  -  ■  at  the  desired  confidence  level. 

8 . 1 . 3 . 1 . 2  DATA  REQUIRED 
None . 

8. 1.3. 1.3  PROCEDURE 


a . 

Choc 

Sr 

the  desired  c 

onf idem 

e  love  I . 

b. 

ChoOSl 

the  allowable 

nr, mint 

o  f  error . 

e . 

Chou 

hi  O 

a  value  for  P 

in  t  he 

r  i  ’  1  I  ov  i  n . 

:  rvirsn 

■or  : 

( 1 J 

If 

no  prior  inf 

o  rra  :  i  or: 

:  s  i  v  !  i  ] 

[.ib  It* 

and  if  is 

be 

lieved  to  le 

in  the  • 

i* •  i  <:iborh< 

'Oil  of 

0 .  h  ,  use  P  =  0 .  r> 

Th 

>•  i  a  r,  t  sample 

v i :  i  hi 

rrqu  i 

rod  when  !’  -  0.  >, 

and  tin-  :>  lr.iose 

t ^  t  f  'it 

rules  is 

to  bo 

as  consol v  it i Vo 

as  p.-ssi'-’.e. 


-Si  - 
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(2)  If  X  can  safely  be  assumed  to  be  less  than  o.5,  let  P 
be  the  largest  reasonable  guess  for  X. 

(3)  If  X  can  safely  be  assumed  to  be  breater  than  0.5,  let 
P  be  the  smallest  reasonable  guess  for  X. 

d.  Use  Table  B-4,  page  2-4,  to  obtain  Zj^^. 

e.  Compute  Nt  as  follows: 

(1)  Square  step  d. 

(2)  Multiply  P  by  the  quantity  (1-P) . 

(3)  Multiply  step  (1)  by  step  (2). 

(4)  Square  e. 

(5)  Divide  step  (3)  by  step  (4). 

(6X  Round  the  result  of  step  (5)  up  to  the  next  whole  number. 

f.  Conclude  that  Nt  samples  are  required  in  order  to  state  that 
X  is  equal  to  or  between  P  4  e  and  P  -  e  at  the  desired  confidence  level. 


8. 1.3. 1.4  EXAMPLE 

Procedure : 

a.  Choose  the  confidence 
level  (1-a). 

b.  Choose  e. 

c.  Choose  P. 

d.  Use  Table  B-4,  page  2-4, 
to  obtain  Zj  2. 


e. 


Compute : 


(Z1_a/2)2(P)(l-P) 


f.  Conclude  that  Nt  samples  are 
required  in  order  to  state  that 
*  i  P  +  e  and  X  i  P  -  c  at  a 
100(l-a)%  confidence  level. 


Example : 

a.  a  -  .10 
1”°/*  ■  .95 

b.  e  -  .10 

c.  P  -  0.5 

d.  Z.95  »  1.645 

e. 

„  _  (1. 645) 2 ( . 5) (1-.5) 

(.10)2 

_  (2. 706) (. 5) ( . 5) 

.01 

(2.706) (.25) 

_ 

_  .6765 

.01 

-  67.65 

-  68 

I*  If  68  samples  are  tested  and 
P  computed,  conclude  that  X  i  p  + 
.10  and  X  i  p  _  .10  at  a  90% 
confidence  level. 
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8. 1.3. 1.5  ANALYSIS 

If  Nt  samples  are  tested  and  P  is  computed,  conclude  that  X  £  P  + 
e  and  X  a  P  -  e  at  a  100(l-a)%  confidence  level. 

8. 1.3. 2  SAMPLE  SIZE  WITH  A  SPECIFIED  LIMIT  OF  ERROR  IN  ONLY  ONE  DIRECTION 

8. 1.3. 2.1  OBJECTIVE 

To  determine  the  Nt  required  in  order  to  state  that  X  is  equal 
to  or  less  than  P  +  e  (or  equal  to  or  greater  than  P  -  e)  at  fhe  desired 
confidence  level. 

8. 1.3. 2. 2  DATA  REQUIRED 
None. 

8. 1.3. 2. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Choose  the  allowable  amount  of  error. 

c.  Choose  the  value  of  P  in  the  following  manner: 

(1)  If  no  prior  information  is  available  and  if  X  is 
believed  to  be  in  the  neighborhood  of  0.5,  use  P  ■  0.5. 
The  largest  sample  size  will  be  required  when  P  *  0.5, 
and  the  purpose  of  the  rules  is  to  be  as  conservative 
as  possible. 

(2)  If  X  can  safely  be  assumed  to  be  less  than  0.5,  let 
P  be  the  largest  reasonable  guess  for  X. 

(3)  If  X  can  safely  be  assumed  to  be  greater  than  0.5,  let 
P  be  the  smallest  reasonable  guess  for  X. 

d.  Use  Table  B-4,  page  2-4,  to  obtain  Zi-a. 

e.  Compute  Nt  as  follows: 

(1)  Square  step  d. 

(2)  Multiply  P  by  the  quantity  (1-P). 

(3)  Multiply  step  (1)  by  step  (2). 

(4)  Square  c. 

(5)  Divide  step  (3)  by  step  (4). 

(6)  Round  the  result  of  step  (5)  up  to  the  next  whole  number. 

f.  Conclude  that  Nt  samples  are  required  in  order  to  state  that 
X  is  equal  to  or  less  than  P  +  t  (or  equal  to  or  greater  than  P  -  e)  at  the 
desired  confidence  level. 

8.1. 3. 2.4  EXAMPLE 

Procedure:  Example: 

a.  Choose  the  confidence  level  a.  a  «  . 10 

1-a).  1-a  -  .90 
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b.  Choose  e. 

c.  Choose  P. 

d.  Use  Table  B-4,  page  2-4, 
Co  obtain  Z\-a. 

e.  Compute: 


(Zl_a)2(P)(l-P) 


f.  Conclude  that  Nt  samples  are 
required  In  order  to  state  that 
A  *  P  +  e  or  (A  a  P  -  e)  at  a 
100(l-a)%  confidence  level. 


b.  e  *  .10 

c.  P  -  0.5 

d.  Z^go  m  1.282 

e. 

„  (1. 282)2(0. 5)(l-0. 5) 

Nt  " - 

(.10)2 

_  (1.644 )(0.5) (0.5) 

.01 

m  (1 .644) (.25) 

.01 

.4110 

.01 

-  41.10 

-  42 

f.  If  42  samples  are  tested  and  P 
computed ,  conclude  that  A  £  P  + 

.10  at  a  90%  confidence  level. 


8. 1.3. 2. 5  ANALYSIS 

If  Nt  samples  are  tested  and  P  is  computed,  A  £  P  +  e  (or 
A  i  P  -  e)  at  a  100)l-a)%  confidence  level. 


8.2  COMPARING  AN  OBSERVED  PROPORTION  (?)  TO  A  REQUIREMENT  (An) 


a.  An  observed  proportion  is  generated  from  a  sample  and  is 
representative  of  A.  This  value  of  P  is  then  compared  to  a  stated  re¬ 
quirement  (A0).  However,  looking  at  the  values  of  P  and  Ao  to  decide  whether 
A  is  greater  than  A0  or  A  is  less  than  A0  at  a  confidence  level  is  insuffi¬ 
cient.  Since  the  decision  pertains  to  the  population,  statistical  tests  must 
be  applied  to  P  to  determine  whether  A  is  greater  than  A0  or  A  is  less  than 
Aq  • 


b.  There  exist  two  possibilities  for  the  relationship  of 
P  to  A0.  Following  are  the  assumptions  and  the  circumstances  for  each 
possible  relationship: 


(1)  P  greater  than  A0. 

(a)  The  null  hypothesis  is  A  is  greater  than  Aq. 

(b)  The  alternative  hypothesis  is  there  is  no  reason 
to  believe  X  is  greater  than  Ao. 

(c)  The  use  of  this  test  is  appropriate  when  A0  is  a 
maximum  value  for  A  to  satisfy.  In  the  event  that 
A  must  not  be  greater  than  A0,  this  test  would  be 
appropriate . 
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(2)  P  Is  less  Chan  Xo. 

(a)  The  null  hypothesis  i3  X  is  less  than  X0. 

(b)  The  alternative  hypothesis  is  there  is  no  reason 
to  believe  X  is  less  than  X0. 

(c)  The  use  of  this  test  is  appropriate  when  X0  is  a 
minimum  value  for  X  to  satisfy.  In  the  event  that 
X  must  meet  or  exceed  X0|  this  test  would  be 
appropriate. 

3.2.1  P  GREATER  THAN  Xo 

8. 2. 1.1  SMALL  SAMPLE  SIZE 


8.2. 1.1.1  OBJECTIVE 

To  determine  whether  X  is  greater  than  X0  at  the  desired  con¬ 
fidence  level  when  N  is  equal  to  or  less  than  30. 


8.2. 1.1. 2  DATA  REQUIRED 
Success-failure  data. 

8. 2. 1.1. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Use  Table  B-14,  page  2-50,  to  obtain  the  LCL  which  corresponds 
to  N  and  the  number  of  elements  possessing  the  given  characteristic  at  the 
desired  confidence  level. 

c.  If  X q  is  less  than  the  LCL,  decide  that  X  is  greater  '•han  X0; 
otherwise,  there  is  no  reason  to  believe  X  is  greater  than  X0  at  the  desired 
confidence  level. 


8.2. 1.1. 4  EXAMPLE 
Given: 

H  ■  20  (H  i  30) 
f  -  3 
X0  -  .100 

Procedure: 

a.  Choose  the  confidence 
level  (1-a). 

b.  Use  Table  B-14,  page  2-50, 

to  obtain  the  LCL  which  corresponds 
to  N  and  the  number  of  elements 
possessing  the  given 
characteristic  at  a  100(l-a)Z 
confidence  level. 


Example: 

a.  a  -  .05 
1-a  -  .95 

b.  For  l-a  -  .95,  N  »  20,  and 
N-f  »  17,  the  tabled  value  is 
.958.  This  must  be  subtracted 
from  1;  hence, 

LCL  -  1  -  .95-. 

■  .042 
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c.  If  X0  <  LCL,  decide  that  X  >  X0; 
otherwise,  there  is  no  reason  to 
believe  X  >  XQ  at  a  100(l-a)% 
confidence  level. 

8. 2. 1.1. 5  ANALYSIS 

If  X0  <  LCL,  the  null  hypothesis  that  X  >  X0  is  accepted; 
otherwise,  there  is  nc  reason  to  believe  X  >  X0  at  a  100(l-a)%  confidence 
level. 

8. 2. 1.2  LARGE  SAMPLE  SIZE 

8. 2. 1.2.1  OBJECTIVE 

To  determine  whether  X  is  greater  than  X0  at  the  desired  con¬ 
fidence  level  when  N  is  greater  than  30. 

8. 2. 1.2. 2  DATA  REQUIRED 
Success-failure  data. 

8. 2. 1.2. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Compute  Z  as  follows: 

(1)  Multiply  X o  by  N. 

(2)  Subtract  step  (1)  from  the  number  of  items  having  the 
given  characteristic. 

(3)  Add  .5  to  step  (2). 

(4)  Multiply  the  quantity  (1-X0)  by  step  (1). 

(5)  Divide  step  (3)  by  the  square  root  of  step  (4). 

c.  Use  Table  B-4,  page  2-4,  to  obtain  Zi_a,  which  is  the  UCL. 

d.  If  Z  is  greater  than  the  UCL,  decide  that  X  is  greater  than 
X0;  otherwise,  there  is  no  reason  to  believe  X  is  greater  than  X0  at  the 
desired  confidence  level. 

8. 2. 1.2. 4  EXAMPLE 
Given: 

N  -  100  (N  >  30) 
f  -  7 
X  0  *■  .06 

Procedure: 

a.  Choose  the  confidence 
level  (1-u). 


-89- 


Example  : 

a .  a  =  . 10 
1— u  =  .90 


c.  Since  .100  {  .042,  decide 
that  there  is  no  reason  to  believe 
X  >  .100  at  a  95%  confidence  level. 
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b.  Compute: 

f-NA0+. 5 

Z  - 

J NAo(l-Xo) 


c.  Use  Table  B-4,  page  2-4, 
to  obtain  Z^. 

na  -  Zt  _  „ 

d.  If  Z  >  UCL.  decide  that 
'X  >  X0;  otherwise,  there  is 

no  reason  to  believe  X  >  Xo 
at  a  100(l-a)%  confidence  level. 


b. 

2  -  7-100 (.06)+. 5 
100(.06) (-.06) 

7-6+.50 

m  - 

J  6  (.94) 

1.50 

«  - 

m  1.50 
“  2.375 

-  .633 

c.  Z.9Q  -  1.282 
UCL  -  1.282 

d.  Since  .633  1  1.282,  decide 
that  there  is  no  reason  to  believe 
X  >  .06  at  a  90Z  confidence  level. 


8. 2. 1.2. 5  ANALYSIS 

If  Z  >  UCL,  the  null  hypothesis  that  X  >  X0  accepted;  other¬ 
wise,  there  is  no  reason  to  believe  \  >  \0  at  a  100(l-a)%  confidence  level. 


8.2.2  P  LESS  THAN  A0 

8.2.2. 1  SMALL  SAMPLE  SIZE 

8.2. 2. 1.1  OBJECTIVE 

To  determine  whether  \  is  less  than  A0  at  the  desired  confidence 
level  when  N  is  equal  to  or  less  than  30. 


8. 2. 2. 1.2  DATA  REQUIRED 
Success-failure  data. 

8. 2. 2. 1.3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 


b.  Use  Table  B-14,  page  2-50,  t0  obtain  the  UCL  which 
corresponds  to  N  and  the  number  of  elements  possessing  the  given  character¬ 
istic  at  the  desired  confidence  level. 


c.  If  \0  is  greater  than  the  UCL,  decide  that  X  is  less  than 
X0;  otherwise,  there  is  no  reason  to  believe  X  is  less  than  X0  at  the  desired 
confidence  level. 


8. 2. 2. 1.4  EXAMPLE 
Given: 

N  -  20  (N  *  30) 
f  -  3 
A0  -  .200 
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Procedure: 

a.  Choose  the  confidence 
level  (1-a). 

b.  Use  Table  B-14,  page  2-50, 
to  obtain  the  UCL  which  corres¬ 
ponds  to  N  and  the  number  of 
elements  possessing  the  given 
characteristics  at  a  100(l-a)% 
confidence  level. 

c.  If  A0  >  UCL,  decide  that 
A  <  A0;  otherwise,  there  is 
no  reason  to  believe  X  <  X0 

at  a  100(l-a)%  confidence  level. 


Example: 

a.  a  ■  .05 
1-a  -  .95 

b.  For  1-a  -  .95,  N  *  20,  and 
f  »  3, 

UCL  -  .344 


c.  Since  .200  i  .344,  decide 
that  there  is  no  reason  to 
believe  X  <  .200  at  the  95% 
confidence  level. 


8. 2. 2. 1.5  ANALYSIS 

If  Ao  >  UCL,  the  null  hypothesis  that  X  <  A0  is  accepted; 
otherwise,  there  is  no  reason  to  believe  X  <  X0  at  a  100(l-a)%  confidence 
level. 

8. 2. 2. 2  LARGE  SAMPLE  SIZE 
8. 2. 2. 2.1  OBJECTIVE 

To  determine  whether  X  is  less  than  Ao  at  the  desired  confidence 
level  when  N  is  greater  than  30. 


8. 2. 2. 2. 2  DATA  REQUIRED 
Success-failure  data. 

8. 2. 2. 2. 3  PROCEDURE 

a.  Choose  the  desired  confidence  ievel. 

b.  Compute  Z  as  follows: 

(1)  Multiply  X q  by  N. 

(2)  Subtract  step  (1)  from  the  number  of  items  having  the 
given  characteristic. 

(3)  Subtract  .5  from  step  (2). 

(4)  Multiply  the  quantity  (1-X0)  by  step  (1). 

(5)  Divide  step  (3)  by  the  square  root  of  step  (4). 

c.  Use  Table  B-4,  page  2-4,  to  obtain  Za,  which  is  the  LCL. 

d.  If  Z  is  less  than  the  LCL,  decide  that  X  is  less  than  X0; 
otherwise,  there  is  no  reason  to  believe  X  is  less  than  Ao  at  the  desired 
confidence  level. 


8. 2. 2. 2. 4  EXAMPLE 
Given: 

N  -  100  (N  >  30) 
f  -  7 

A0  m  .08 
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Procedure : 

a.  Choose  Che  confidence 
level  (1-a). 

b.  Compute: 

f-NA0-.5 
Z  -  - 

J  NAo(l-Ao) 


c.  Use  Table  B-4,  page  2-4, 

Co  obtain  Za. 

LCL  -  Za 

d.  If  Z  <  LCL,  decide  that 
A  <  Ao »  otherwise,  there  is 
no  reason  to  believe  A  <  Ao 

at  a  100(l-a)Z  confidence  level. 


Example: 

a.  a  -  .10 
1-a  ■  .90 

b. 

Z  -  7-100 (.08) -.5 

rJ  100 (.08) (1-.08) 

.  7-8-. 5 

,J  8  ( .92) 

.  _1-5 

-  -1-5 

2.71 

-  -.554 

c .  Z  ^  j  o  •  -1.282 
LCL  -1.282 

d.  Since  -.554  i  -1.282,  decide 
that  there  is  no  reason  to 
believe  A  <  .08  at  a  90Z 
confidence  level. 


8. 2. 2. 2. 5  ANALYSIS 

If  Z  <  LCL,  the  null  hypothesis  that  A  <  A0  is  accepted;  other¬ 
wise,  there  is  no  reason  to  believe  A  <  A0  at  a  100(l-a)Z  confidence  level. 

8.2.3  DETERMINATION  OF  SAMPLE  SIZE 

8. 2. 3.1  OBJECTIVE 

To  determine  the  Nt  required  to  determine  whether  A  is  equal 
to  or  greater  than  A0  +  e  (or  equal  to  or  less  than  A  -  e)  at  the  desired 
confidence  level. 


8. 2. 3. 2  DATA  REQUIRED 

which  is  known  from  a  standard  item,  history,  or  Requirements 

Document . 

8. 2. 3. 3  PROCEDURE 

a.  Choose  u  and  3,  the  probabilities  of  making  Type  I  and  Type  II 
errors  respectively. 

b.  Choose  the  allowable  amount  of  error. 

r.  Estimate  the  test  item  proportion  by  adding  e  to  • . 
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d.  Use  Table  B-15,  page  2-54 
to  P,  and  0O,  which  corresponds  to  X. 


to  obtain  6],  which  corresponds 


e.  Compute  d2 ,  an  intermediate  value,  as  follows: 

(1)  Subtract  0O  from  9j. 

(2)  Square  Step  (1). 

f.  Use  Table  B-4,  page  2-4,  to  obtain  ZlMX  and  Zj.g 
g«  Compute  Nj  as  follows: 


(1)  Add  Z1-a  to  ZUB. 

(2)  Square  step  (1). 

(3)  Divide  step  (2)  by  step  e. 

(4)  Sound  step  (3)  to  the  next  larger  whole  number. 


h.  Conclude  that  samples 
A  is  equal  to  or  greater  than  A0  +  e  (or 
the  desired  confidence  level. 


are  required  to  determine  whether 
equal  to  or  less  than  A0  -  e)  at 


8. 2. 3. 4  EXAMPLE 
Given : 

A  -  .41 

Procedure : 

a.  Choose  a  and  8. 

b.  Choose  e. 

c.  Estimate  P  as  follows: 

P  -  A  +  e 

d.  Use  Table  B-15,  page  2-54, 

to  obtain  0j,  which  corresponds  to 
P ,  and  0O ,  which  corresponds  to  A . 

e.  Compute: 

d2  -  (0i-eo)2 

f.  Use  Table  B— 4,  page  2—4, 
to  obtain  ZUct  and  Zj.g, 


Example : 


a. 

a  » 

.05 

1-a 

-  .95 

6  - 

.20 

1-6 

-  .80 

e  m 

.23 

c. 

P  - 

.41  +  .23 

m 

.64 

d. 

For 

P  -  .64, 

ez  - 

1.85 

For 

A  -  .41, 

90  - 

1.39 

e. 

d2  * 

(1.85-1 ,39)2 

- 

C  -  46) 2 

m 

.2116 

f. 

Z.95 

-  1.645 

Z.80 

-  .840 

-93- 


MTP  3-1-005 
1  March  1972 


g.  Compute: 


N 


t 


(Zl-a+Zl-g)2 

d2 


h.  Conclude  that  Nt  samples  are 
required  to  determine  whether 
A  i  A0  +  e  (or  A  £  A0  -  e)  at  a 
100(l-a)2  confidence  level. 


g- 

„  (1. 645+. 840) 2 

Nt - .2116 

(2.485)2 

.2116 

6.1752 

.2116 

-  29.18 

-  30 

h.  Conclude  that  30  samples 
for  A  known  and  equal  to  .41 
must  be  tested  In  order  to 
determine  whether  A  i  A0  +  .23 
at  a  952  confidence  level. 


8. 2. 3. 5  ANALYSIS 

Nt  samples  are  required  to  determine  whether  A  a  A0  +  e  (or 
A  s  Ao  -  e)  at  a  100(l-a)%  confidence  level. 

8.3  COMPARING  TWO  OBSERVED  PROPORTIONS 

a.  An  observed  proportion  is  generated  from  a  sample  and  is 
representative  of  A.  This  value  of  P  is  then  required  to  meet  a  standard 
item  P  which  is  representative  of  the  standard  item's  population.  Looking 
at  the  values  of  the  proportions  (Pa  and  Pg)  to  decide  whether  AA  is 
greater  than  Ag  or  aa  is  less  than  Ag  at  a  confidence  level  is  insufficient. 
Since  the  decision  pertains  to  the  populations,  statistical  tests  must  be 
applied  to  determine  whether  AA  is  greater  than  Ag  or  AA  is  less  than  Ag. 

The  statistical  tests  use  the  sample  proportions  as  estimates  of  the 
population  proportions. 

b.  Type  A  generally  represents  the  test  item  and  Type  B  the 
standard  item  when  testing  the  hypothesis  that  AA  is  greater  than  Ag.  How¬ 
ever,  to  prove  that  the  average  performance  of  the  test  item  is  less  than 
that  of  the  standard  item,  Type  A  must  represent  the  standard  item  so  that 
the  hypothesis,  AA  is  greater  than  Ag,  can  be  tested. 

c.  When  the  null  hypothesis  is  AA  is  greater  than  Ag,  the 
alternative  hypothesis  is  there  is  no  reason  to  believe  that  AA  is  greater 
than  Ag. 

d.  The  use  of  this  test  is  appropriate  when  Ag  is  a  maximum 
value  for  >A  to  sitisfy. 

8.3.1  PA  GREATER  THAN  ?B 


8. 3. 1.1  SMALL  SAMPLE  SIZE 
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8. 3. 1.1.1  OBJECTIVE 

To  determine  whether  AA  is  greater  than  Ag  at  the  desired  con¬ 
fidence  level  when  neither  NA  nor  Ng  is  greater  than  20. 

8. 3. 1.1. 2  DATA  REQUIRED 
Success-failure  data. 

8. 3. 1.1. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Arrange  the  data  as  in  Table  A-4a,  Part  I,  page  1-11. 

c.  Focus  on  the  class  of  interest  and  compute  the  following 
intermediate  values: 

(1)  hA,  the  ratio  of  the  class  of  interest  to  the  sample 
size  for  Type  A;  i.e.,  hA  ■  IA/NA  or  hA  *  IIA/NA. 

(2)  hg,  the  ratio  of  the  class  of  interest  to  the  sample 

size  for  Type  B;  i.e.,  hg  =  Ig/Ng  or  35  Hb/nB- 

d.  If  hA  is  greater  than  hg,  continue  with  step  e;  however, 

if  hA  is  not  greater  than  hg,  decide  that  the  data  give  no  reason  to  believe 
that  Aa  is  greater  than  Ag  at  the  desired  confidence  level. 

e.  Arrange  the  data  so  that  the  results  of  the  larger  sample 
are  in  the  first  row  (see  Table  A-4a,  Part  II,  page  1-11. 

f.  Compute  the  following  intermediate  values: 

(1)  hj,  the  ratio  of  class  I  to  the  sample  size  for  the 
item  having  the  larger  sample  size;  i.e.,  hj  ■  Ii/N^. 

(2)  hj ,  the  ratio  of  Class  I  to  the  sample  size  for  the 
item  having  the  smaller  sample  size;  i.e.,  h2  *  I2/N2* 

(3)  gi,  the  ratio  of  class  II  to  the  sample  size  for  the 
item  having  the  larger  sample  size,  i.e.,  gj  =■  IIj/Nj. 

(4)  g2 ,  the  ratio  of  class  II  to  the  sample  size  for  the 
item  having  the  smaller  sample  size;  i.e.,  g2  *  II2/N2. 

g.  Focus  attention  on  that  class  (I  or  II)  which  produces  a 
proportion  for  the  larger  sample  which  is  larger  than  or  equal  to  the 
respective  proportion  for  the  smaller  sample.  Depending  on  the  class  choseu , 
let  Ij  (or  Hi)  equal  ai ,  an  intermdeiate  value,  and  I2  (or  II2)  equal  aj  , 

an  intermediate  value. 

h.  Use  Table  B-16,  page  2-55,  to  obtain  a  tabled  a2  which 
corresponds  to  the  two  sample  sizes  and  at  at  the  desired  confidence  level. 

i.  If  a2  from  step  g  is  less  than  or  equal  to  the  table  a; , 
decide  that  A A  is  greater  than  Ag  with  regard  to  the  class  of  interest; 
otherwise,  there  is  no  reason  to  believe  AA  is  greater  than  Ag  at  the  desired 
confidence  level. 

8. 3. 1.1. 4  EXAMPLE 
Given : 

Sample  data  at  Table  A-4a,  Part  I,  page  1-11. 
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Procedure: 

a.  Choose  the  confidence 
level  (1-ci). 

bo  Arrange  the  data. 

c.  Focus  on  the  class  of 
Interest  and  compute  one 
of  the  following: 

(1)  Class  I. 

hA  *  VNA 
hB  -  Ig/Ng 

(2)  C133S  II 

hA  “  IIA/NA 

hg  -  Ilg/Ng 

d.  If  hA  >  hg,  continue  with 

step  e.  If  hA  <  hg,  decide  that  the 
data  give  no  reason  to  believe  that 
XA  Is  greater  than  Xg  with  respect 
to  the  class  of  interest  at  a 
100(l-a)Z  confidence  level. 

e.  Arrange  the  data  so  that 
the  results  of  the  larger  sample 
are  in  the  first  row. 

f.  Compute: 
hi  -  Ii/Ni 
h2  ■  I2/N2 

81  "  Hl/Ni 

82  *  II2/N2 


Example : 

a.  a  •  .05 
1-a  -  .95 

b.  See  Table  A-4a,  Part  I, 
page  1-11. 

c.  Focus  on  class  II. 
hA  "  2/ 6 

-  .333 

-  .3 

hB  *  2/ 10 

-  .200 
-  .2 

d.  Since  .3  >  .2,  continue 
with  step  e. 


e.  See  Table  A-4a,  Part  II, 
page  1-11. 

f*  hl  ■  8/i0 
-  .800 
-  .8 
h2  “  4/6 

-  .667 
*  .7 

81  -  2/l0 

-  .200 
»  .  2 

32  -  2/6 

-  .333 
»  .3 
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g.  (1)  If  hi  i  hi,  focus 
attention  on  class  I  with 

*1  “  II 

a2  "  *2 

(2)  If  gj  i  g2,  focus 
attention  on  class  II  with 

•I  ”  Hi 
a2  •  H2 

h.  Use  Table  B-16,  page  2-55, 
to  obtain  a  tabled  a2  which 
corresponds  to  Nj,  N2,  and  ai 
at  a  100(l-a)%  confidence 
level . 

NOTE:  Since  this  is  a 

one-sided  test,  use 
the  a  which  is  not 
in  parentheses. 

i.  If  a2  s.  the  table  value  of 
a2  from  step  h,  decide  that 

XA  >  Xg  with  respect  to  the 
original  class  of  interest; 
otherwise,  there  is  no  reason 
to  believe  XA  >  Xg  with 
respect  to  the  original  class 
of  interest  at  a  100(l-a)% 
confidence  level. 


g.  Since  .8  >  .7,  focus 
attention  on  class  I. 

ai  ■  8 

a2  ■  4 


h.  For  Ni  *  10,  N2  *>  6, 

ai  “8,  and  o  «  .05, 
the  cabled  a2  -  1. 


i.  Since  4  <  1,  decide 
that  there  is  no  reason 
to  believe  XA  >  Xg 
with  respect  to  the  number 
of  failures  at  a  95%  confi 
dence  level. 


8. 3. 1.1. 5  ANALYSIS 

If  a2  -<  table  value  of  a2 ,  the  null  hypothesis  that  XA  >  Xg  is 
accepted;  otherwise,  there  is  no  reason  to  believe  XA  >  Xg  at  a  100(l-a)% 
confidence  level.  In  the  event  that  the  confidence  level  desired  is  not 
within  the  scope  of  Table  B-16,  page  2-55,  the  test  for  the  large  sample  size 
must  be  applied.  The  results  will  not  be  as  accurate  but  will  still  be 
useful.  In  the  event  that  aj  or  a2  or  both  are  missing  for  the  given  sample 
sizes  and  confidence  level  in  Table  B-16,  page  2-55,  conclude  that  the 
sample  sizes  are  considered  insufficient  for  accepting  or  rejecting  the 
null  hype  hesis. 

8. 3. 1.2  LARGE  SAMPLE  SIZE 

8. 3. 1.2.1  OBJECTIVE 

To  determine  wr.ether  XA  is  greater  than  Xg  at  the  desired  con¬ 
fidence  level  when  either  NA  or  Ng  is  greater  than  20. 

- 

8. 3. 1.2. 2  DATA  REQUIRED 
Success-failure  data. 
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8. 3. 1.2. 3  PROCEDURE 

a.  Choose  Che  desired  confidence  level. 

b.  Use  Table  B-7,  page  2-12,  to  obtain  x^a  for  1  d.f. 

c.  Add  %  Co  Ng  to  obcain  TN,  an  intermediate  value. 

d.  Compute  AB,  an  Intermediate  value,  as  follows: 

(1)  Multiply  IA  by  IIB. 

(2)  Multiply  Ig  by  IIA. 

(3)  Subtract  step  (2)  from  step  (1)  and  take  the  absolute 
value  of  the  difference  (disregard  the  sign). 

e.  Compute  J,  an  Intermediate  value,  as  follows: 

(1)  Add  IA  to  Ig  to  obtain  Tj,  an  Intermediate  value. 

(2)  Add  IIA  to  Ilg  to  obtain  Tjj  ,  an  intermediate  value. 

(3)  Multiply  Na,  Ng,  Tj,  and  Tu  together. 

f.  Compute  x  as  follows: 

(1)  Divide  step  c  by  2. 

(2)  Subtract  step  (1)  from  step  d. 

(3)  Square  step  (2). 

(4)  Multiply  step  (3)  by  step  c. 

(5)  Divide  step  (4)  by  step  e. 

g.  Focus  on  che  class  of  interest  and  compute  the  following 
intermediate  values: 

(1)  hA,  the  ratio  of  the  class  of  interest  to  the  sample 
size  for  Type  A;  i.e.,  hA  -  Ia/Na  or  hA  N2 

(2)  hg,  the  ratio  of  the  class  of  interest  to  the  sample 
size  for  Type  B;  i.e.,  hg  -  Ig/Ng  or  hg  »  Ilg/Ng. 

h.  If  x2  is  greater  than  or  equal  to  x?  for  1  d.f.  and  hA  is 
larger  than  hg  ,  decide  that  XA  is  greater  than  Xg  with  regard  to  the  class 
of  interest;  otherwise,  there  is  no  reason  to  believe  XA  is  greater  than  Xg 
at  the  desired  confidence  level. 


8. 3. 1.2. 4  EXAMPLE 
Given: 

Sample  data  at  Table  A-4b 

Procedure: 

a.  Choose  the  confidence 
level  (1-a). 

b.  Use  Table  B-7,  page  2-12, 

to  obtain  xj  for  1  d.f. 

a 

c.  Compute: 

tn  -  na+nb 


page  1-11. 

Example : 

a.  a  ■  .10 
1-a  -  .90 

b.  x2 . 2  0  for  1  d.f.  -  1.64 

c.  TN  -  216  +  216 

-  432 
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Compute: 

AB  -  ll. 

1  A 

IlB  -  I:*| 

d. 

AB  - 

1  (181) (56)-(160) (35)1 
110,136  -  5,600  j 

4,536 

Compute: 

J  -  <v 

Jom-ute : 

(Tj)  <TIt>  (N,) 

e. 

J  - 

m 

(216) (341) (91) (216) 
(73,656)  (91)(216) 
1,447,782,336 

x2  -  . 

TN(AB  -  Tm 

f 

V2  - 

432(4536-216)2 

J  2  2 

i  • 

X 

1,447,782,336 

_  432 (4, 320) 2 

1.447.762.336 

=  432(18,662,400) 

1.447.782.336 

-  8.062,156,800 

"  1,447,782,336 

-  5.5686 

-  5.57 

NOTE:  The  formula  for  x2 

has  been  broken  down 
for  simplicity  and 
the  complete  formula  is 

(na+nb)  (  |iaiib-ibiia|-na+nb  )2 

(NA)  (Ia+Ib)(IIa+IIb)'JB 


g.  Focus  on  the  class  of  interest  and 
compute  one  of  the  following: 

(1)  Class  I 

hA  -  Ia/Na 
hfi  *  Ib/nB 

(2)  Class  II 

hA  -  iia/na 

hB  -  iib/nb 

h.  If  x2  *  \  for  1  d.f.  and 
hA  >  hg,  decide  that  XA  >  XB 
with  regard  to  the  class  of 
interest;  otherwise,  there  is 
no  reason  to  believe  XA  >  XB 

at  a  100(l-a)%  confidence  level. 


g.  Focus  on  class  I. 
hA  -  181/216 

-  .83796 

-  .838 

hg  -  160/216 

-  .74074 

-  .741 

h.  Since  5.57  i  1.64  and 
.838  >  .741,  decide  that  the 
proportion  of  hit  for  XA  >  XB 
at  a  90%  confidence  level. 


-99- 


HTP  3-1-005 
1  Marth  1972 


8. 3. 1.2. 5  ANALYSIS 

If  X2  a  X2  f°r  I  d.f.  and  >  hg,  the  null  hypothesis  that 
*A  11  *B  f®  accepted;  otherwise,  there  is  no  reason  to  believe  Aa  >  Ag  at  a 
100(l-a)X  confidence  level.  The  sample  size  for  Pa  or  Pg  must  exceed  20.  If 
the  confidence  level  desired  is  unavailable  for  Pa  and  Pg  less  than  20,  the 
chi-square  test  will  be  used  to  test  AA  >  Ag. 

8.3.2  DETERMINATION  OF  SAMPLE  SIZE 

8. 3. 2.1  OBJECTIVE 

To  determine  the  Nt  (Nt-NA»Ng)  required  to  determine  whether  AA. 
is  equal  to  or  greater  than  Ag  +  e  (or  equal  to  or  less  than  Ag  -  c)  at  the 
desired  confidence  level. 

8. 3. 2. 2  DATA  REQUIRED 
None. 

8. 3. 2. 3  PROCEDURE 

a.  Choose  a  and  B,  the  probabilities  of  making  Type  I  and  Type  II 
errors  respectively. 

b.  Choose  the  allowable  amount  of  error. 

c.  Estimate  one  of  the  proportions,  either  PA  or  Pg. 

Make  this  estimate  as  close  to  0.5  as  is  reasonable. 

d.  Compute  the  other  proportion  as  follows: 

(1)  If  PA  is  estimated,  subtract  step  b  from  PA  to  obtain  Pg. 

(2)  If  Pg  is  estimated,  add  step  b  to  Pg  to  obtain  Pa- 

e.  Use  Table  B-15,  page  2-54  to  obtain  0a*  which  corresponds 
to  PA,  and  0g ,  which  corresponds  to  Pg. 

f.  Compute  d2 ,  an  intermediate  value,  as  follows: 

(1)  Subtract  9g  from  0A. 

(2)  Square  step  (1). 

g.  Use  Table  B-4 ,  page  2-4,  to  obtain  Zj.^,  and  Zj-fi. 

h.  Compute  n,  an  intermediate  value,  as  follows: 

(1)  Add  Zi_a  to  Zj_a. 

(2)  Square  step  (1). 

(3)  Divide  step  (2)  by  step  f. 

(4)  Round  step  (3)  up  to  the  next  whole  number. 

i.  Multiply  step  h  by  2  to  obtain  N^. 

j.  Conclude  that  Nt  samples  are  required  to  determine  whether 
>A  is  equal  to  or  greater  than  Ag  +  c  (or  equal  to  or  less  than  Ag  -  e)  at 
the  desired  confidence  level. 
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8. 3.2.4  EXAMPLE 
Procedure: 

a.  Choose  o  and  8 . 

b.  Choose  t  . 

c.  Estimate  PA  or  PB. 

d.  (1)  If  Py^  la  eat  I  mated, 
compute: 

-  ‘‘A  -  • 

(2)  If  P|j  la  cat  (mat cd , 
compute : 

PA  -  PB  >  , 

e.  lino  Table  B-15,  page  2-54, 
to  obtain  t'A,  which  corroaponda 
to  PA,  and  0B,  which  correaponda 
to  PB. 


f.  Compute: 
d-’  - 

K.  Use  Table  B-4,  pane 
t  o  ob t  a  In  /.  | . ,,  and  2.  t  . . 

h.  Compute: 

n  - 

d-' 


1.  Nt  -  2n 


Example : 

a.  a  -  .05 
1-rt  -  .95 

t<  »  .  20 
1-8  “  .80 

b.  .  -  .20 

c.  PA  -  .70 

d.  Since  PA  la  eat lmat cd , 
rB  -  .70  -  .20 

-  .so 


e.  Kor  PA  -  .70, 

"A  "  l.*» 

For  P„  -  .50. 
i'B  -  1.57 

f.  d-'  -  (1.98-1. 57)-' 

-  (.41)-' 

-  .  Ib81 

K  •  <•.*>>.  >  .1 ,  b45 

7.  -  .840 

*  HO 

h. 

(1 .645+. 840V* 
n  ”  _ _ 

.  lbSl 

.  (2 . 485)  •' 

.  Ib8l 

b.  1  75 

TThsT 

-  lb.  7.1 

-  17 

1.  N,  -  2  (1*) 

•  74 
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j.  Conclude  that  Nt  samples 
are  required  to  determine 
whether  Aa  i  Ag  +  e  (or 
Aa  £  Ag  “  £)  at  a  100(l-a)2 
confidence  level. 

8. 3. 2. 5  ANALYSIS 

a.  Initial  Nt. 

Nt  samples  are  required  to  determine  whether  Aa  i  A3  +  e 
(or  AA  *  Ab  -  £ )  at  a  100(l-a)2  confidence  level.  Unfortunately,  the 
sample  size  required  depends  on  the  unknown  population  values  of  the  two 
proportions  involved.  Very  often  the  experimenter  has  some  idea  of  the 
magnitude  of  (or  an  upper  bound  for)  one  of  these  values  and  then  must 
specify  the  size  of  the  difference  which  the  experiment  is  designed  to 
detect.  The  largest  sample  size  is  required  when  the  true  proportions  are 
in  the  neighborhood  of  0.5.  Thus,  a  careful  examination  must  be  made  in 
order  to  estimate  the  proportion  accurately  rather  than  arbitrarily  using 
a  value  close  to  .5  so  that  the  sample  size  can  be  kept  at  a  minimum. 

b.  Adequacy  of  Nt. 

After  the  initial  Nt  has  been  tested,  PA  and  Pg  must  be 
computed.  Nt  is  then  recomputed  using  the  computed  proportions  in  place 
of  the  estimated  proportions  to  determine  whether  the  initial  Nt  was 
adequate. 


j.  Conclude  that  74  samples 
of  each  item  must  be  tested  to 
determine  whether  AA  a  Ag  +  .20 
at  a  952  confidence  level. 


9.  ACCURACY  AND  PRECISION 

9.1  ACCURACY 

9.1.1  OBJECTIVE 

To  determine  the  accuracy  of  a  test  item. 

9.1.2  DATA  REQUIRED 

The  aiming  point  (AP)  or  target,  the  coordinates  of  the  points 
of  impact  or  points  of  burst,  the  set  time,  and  the  achieved  time. 

9.1.3  PROCEDURE 

a.  Case  I:  Cannon. 

(1)  Compute  the  mean  point  of  impact  (MPI)  for  ground 
bursts  as  follows: 

(a)  Compute  the  mean  of  the  eastings  (EAST). 

(b)  Compute  the  mean  of  the  northings  (nUKIH) . 

(2)  Compute  the  mean  point  of  burst  (POB)  and  the  mean  time 
as  follows: 

(a)  Compute  EAST ■ 

(b)  Compute  NORTH. 


/ 

/ 
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(c)  Compute  the  mean  of  the  heights  (HEIGHT) . 

(d)  Compute  the  mean  time. 

(3)  List  the  MPI  as  the  mean  easting  and  mean  northing  (EAST , 
NORTH)  and  the  POB  as  the  mean  easting,  mean  northing, 
and  mean  height  (EAST,  NORTH,  HEIGHT). 

(4)  Compute  the  miss  distance  (m)  for  the  MPI  as  follows: 

(a)  Subtract  the  EAST  from  the  AP  easting  (EASTAp). 

(b)  Square  step  (a).  ‘ 

(c)  Subtract  the  NUK'i'H  from  the  AP  northing  (NORTH  ). 

(d)  Square  step  (c). 

(e)  Add  step  (b)  to  step  (d)  and  find  the  square  root. 

(5)  Compute  m  and  the  miss  time  for  the  POB  as  follows: 

(a)  Subtract  the  EAST  from  the  EAST^. 

(b)  Square  step  (a) . 

(c)  Subtract  the  NORTH  from  the  NORTH  . 

(d)  Square  step  (c). 

(e)  Subtract  the  HEIGHT  from  the  AP  height  (HEIGHT  ). 

(f)  Square  step  (e).  " 

(g)  Add  step  (b)  to  step  (d). 

(h)  Add  step  (g)  to  step  (f)  and  find  the  square  root 
to  obtain  the  m. 

(i)  Subtract  the  set  time  from  the  mean  time  to  obtain 
the  miss  time. 


b.  Case  II:  Missile  systems  (limited  sample). 

(1)  Plot  each  point  of  impact  or  point  of  burst  relative 
to  its  AP  and  determine  the  distance  over  or  short  and 
the  distance  right  or  left. 

(2)  Compute  the  mean  AP  using  all  of  the  AP  coordinates  in 
a  given  range  band. 

(3)  Plot  the  points  of  impact  or  points  of  burst  relative 
to  the  mean  AP,  using  the  distances  from  step  (1). 

(4)  Compute  the  MPI  or  POB  and  mean  time  for  the  points 
relative  to  the  mean  AP. 

(5)  Compute  m  for  MPI  the  same  as  for  a  cannon. 

(6)  Compute  m  and  the  miss  time  for  the  POB  the  same  as  for 
a  cannon. 


9.1.4  EXAMPLE 

a.  Case  I:  Cannon. 

Given: 

AP:  (2784,3501) 

Sample  data  at  Table  A- la,  page  1-1. 

Procedure:  Example: 

(1)  Compute  the  following  for  (1)  (a)  EAST  =  2565.67 

the  MPI:  -  2566 

(a)  Hast 
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(4)  Compute:  (4)  MPI:  (2148,2274) 

(a)  MPI.  EAST  -  21482/10 

(b)  POB  and  mean  time.  ■  2148.20 

-  2148 

NORTH  -  22743/10 

-  2274.30 

-  2274 


-  65.53 

m  66 

(6)  For  the  POB,  compute:  (6) 

(a)  m  -^(iASTAp-EAST) 2+  (NORTH) ^-NORTH)2+(HEIGHTAp -HEIGHT) 2 

(b)  miss  time  -  mean  time  -  set  time 

9.1.5  ANALYSIS 

_  a.  The  miss  distance  is  the  distance  that  the  MPI  or  the 

POB  riissed  the  AP  and  describes  the  accuracy  of  the  test  item.  The  smaller 
the  miss  distance,  the  better  the  accuracy  of  the  test  item.  The  miss 
distance  must  be  compared  to  the  stated  requirement  to  determine  whether  the 
requirement  was  met. 

b.  Due  to  sampling  techniques  used  for  missiles,  an  average 
AP  must  be  determined  within  a  range  band.  The  miss  distance  is  the  distance 
that  the  MPI  or  POB  (relative  to  the  average  AP)  missed  the  average  AP.  The 
mi3S  distance  must  be  compared  to  the  stated  requirement  to  determine  whether 
the  requirement  was  met.  Unless  the  sample  size  is  at  least  six,  conclusions 
for  accuracy  cannot  be  drawn  with  any  reasonable  level  of  confidence. 

9.2  PRECISION 

9.2.1  PROBABLE  ERROR  COMPUTATION 

9. 2. 1.1  STANDARD  DEVIATION  METHOD 
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9. 2. 1.1.1  OBJECTIVE 

To  obtain  the  system  PE  and  each  subsystem  PE  using  the  standard 
deviation  method. 

9. 2. 1.1. 2  DATA  REQUIRED 

A  list  of  sample  readings. 

9. 2. 1.1. 3  PROCEDURE 

a.  Compute  s,  (see  paragraph  7. 1.1. 3,  page  64). 

b.  Multiply  step  a  by  .6745  to  obtain  PE. 

9. 2. 1.1. 4  EXAMPLE 
Given: 

Sample  data  at  Table  A-5b,  page  1-13. 

Procedure:  Example: 

a.  Compute:  a. 


-  50.76 

-  51 


See  paragraph  7. 1.1. 4,  page  65, 
for  computations. 

b.  PE  -  0.6745(s).  b.  PE  -  0.6745(50.76) 

-  34.24 

-  34 

9. 2. 1.1. 5  ANALYSIS 

The  PE  is  a  measure  of  deviation  from  y  such  that  50Z  of  the 
observations  may  be  expected  to  lie  between  y  -  PE  and  y  +  PE.  This  method 
is  the  best  estimate  of  the  population  PE(t)  unless  a  trend  exists  which 
can  be  attributed  to  a  non-system  condition,  such  as  weather,  in  which  case 
use  of  the  successive  differences  method  is  the  best  approach.  A  test 
comparing  the  two  methods  of  computing  PE  can  be  made  to  determine  whether 
a  trend  did  exist  but  was  not  evident  (see  paragraph  9. 2. 1.3,  page  108, 
for  details) . 
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9. 2. 1.2  SUCCESSIVE  DIFFERENCES  METHOD 

9. 2. 1.2.1  OBJECTIVE 

To  determine  the  system  PE  and  each  subsystem  PE  using  the 
successive  differences  method  when  there  is  a  suspected  trend. 

9. 2. 1.2. 2  DATA  REQUIRED 

A  list  of  sample  readings. 

9. 2. 1.2. 3  PROCEDURE 

a.  Compute  the  differences  (xd  »  xd  -  xj+j)  between  consecutive 

readings. 

b.  Square  each  difference. 

c.  Sum  the  squares. 

d.  Compute  s^  as  follows: 

(1)  Divide  step  C  by  the  quantity  (r-1) . 

(2)  Divide  step  (1)  by  the  quantity  2. 

(3)  Find  the  square  root  of  step  (2) . 

e.  Multiply  step  d  by  .6745  to  obtain  the  PE. 

9. 2. 1.2. 4  EXAMPLE 
Given: 

Sample  data  at  Table  A-5c,  page  1-14  (same  as  data  at 
Table  A-5b,  page  l-l|. 

Procedure:  Example: 

a.  Compute  the  differences  a.  (1)  Difference  between 

between  consecutive  readings:  1  and  2: 

x.  *  x.  -  x. .  x,  ■  1248-1100 

a  i  l+i  a 

-  148 

(2)  Difference  between 

2  and  3: 

xd  -  1100-1260 

-  -160 

See  Table  A-5c,  page  1-14, 
for  complete  list. 
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b.  Square  each  x^. 


Sum  Che  Xj. 

d 


Compute : 

T7T 


J. 


2 (N-l) 


e.  Compute: 

PE  -  .6745(3.) 

0 


b.  (1)  x2  -  (148)2 

-  21,904 

(2)  x2  -  (-160)2 

-  25,600 


See  Table  A-5c,  page  1-14, 
for  complete  list. 


lx2 

ixd 


85,020 


J. 

J 


(85,020) 

2(16-1) 


(85,020) 


30 


PE 


A/2,834 

53.23 

53 

.6745(53.23) 

35.90 

36 


9. 2. 1.2. 5  ANALYSIS: 


The  PE  is  a  measure  of  deviation  from  such  that  502  of  the 
observations  may  be  expected  to  lie  between  u-PE  and  u-*-PE.  If  a  trend 
which  can  be  attributed  to  a  nor-system  condition,  such  as  weather,  is 
suspected  then  this  method  will  yield  the  best  estimate  of  t.  A  test 
comparing  the  two  methods  of  computing  PE  can  be  made  to  determine 
whether  a  trend  existed  but  was  not  evident  (see  paragraph  9. 2. 1.3,  for 
details) . 

9. 2. i. 3  TREND  ANALYSIS 

9. 2. 1.3.1  OBJECTIVE 

To  determine  whether  a  trend  exists  and  whether  the  standard 
deviation  method  or  the  successive  differences  method  yields  the  best 
estimate  of  r, 

9. 2. 1.3. 2  DATA  REQUIRED 
s2  and  s2. 

9. 2. 1.3. 3  PROCEDURE 


a.  Choose  the  desired  confidence  level. 


b.  Divide  by  s2. 


(CN)  for  N 


c.  Ise  Table  B-23,  page  2-133, 
samples  at  the  desired  confidence 


to  obtain  the  critical  number 
level . 


108 


MTP  3-1-005 
1  March  1972 


d.  If  s2/s2  Is  less  than  CN,  decide  that  a  trend  exists  and 
that  the  successive  differences  method  yields  the  best  estimate  of  t; 
otherwise,  a  trend  does  not  exist  at  the  desired  confidence  level  and  the 
standard  deviation  method  yields  the  best  estimate  of  t. 

9. 2. 1.3. 4  EXAMPLE 

Given: 

s2  »  2,576.67  (see  paragraph  9. 2. 1.1. 4,  page  106). 
s2  »  2,834.00  (see  paragraph  9. 2. 1.2. 4,  page  107). 

Procedure:  Example: 

a.  Choose  the  confidence  a.  a  -  .05 

level  (1-a).  1-a  ■  .95 


b.  Compute: 


c.  Use  Table  B-23,  page  2-133, 
to  obtain  CN  for  N  samples 

at  a  100(l-a)%  confidence 
level. 

d.  If  s2/s2  < CN,  decide  that 

a  trend  exists  at  the  desired 
confidence  level  and  that  the 
successive  differences  method  yields 
the  best  estimate  of  t;  otherwise, 
conclude  that  a  trend  does  not  exist 
and  the  standard  deviation  method 
yields  the  best  estimate  of  x. 


'5  2,834.00 

T  “  - 

2,576.67 
-  1.0999 


c.  For  N  »  16  and  1-a  »  .95, 
CN  *  .6136 


d.  Since  1.0999  {  .6136,  decide 
that  a  trend  did  not  exist  at  a 
95%  confidence  level  and  that  the 
standard  deviation  method  is  the 
best  estimate  of  x.  Thus, 

PE  -  34. 


9. 2. 1.3. 5  ANALYSIS 

a.  The  PE  is  a  measure  of  deviation  from  u  such  that  50%  of 
the  observation  may  be  expected  to  lie  between  u-PE  and  u+PE.  Elements, 
such  as  tuoe  warming  and  wear,  weapon  seating,  or  non-random  met  changes, 
within  a  data  point  will  have  a  progressive  effect  on  the  magnitude  of  the 
data  collected.  Thus,  a  trend  test  is  important  for  detecting  gradual 
increases  or  decreases  in  some  selected  parameters  within  each  point.  Range, 
height,  deflection,  time  of  flight,  muzzle  velocity  and  projectile  weight 
are  parameters  which  may  be  examined  for  a  trend. 


b.  If  a  trend  exists  at  a  100(l-a)%  confidence  level,  the 
probable  error  computed  by  the  successive  differences  method  will  be  the 
best  estimate  of  x;  otherwise,  the  probable  error  computed  by  the  standard 
deviation  method  will  be  the  best  estimate  of  x. 


9. 2. 1.4  OUTLIERS 
P.2.1.4.1  OBJECTIVE 

To  identify  any  outliers  which  may  be  present. 
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9. 2. 1.4. 2  DATA  REQUIRED 

A  list  of  sample  readings. 

9. 2. 1.4. 3  PROCEDURE 

a.  Choose  Che  desired  confidence  level. 

b.  Compute  s2  for  all  readings. 

c.  Isolate  the  reading  which  deviates  most  from  the  mean  as 
a  suspected  outlier. 

d.  Compute  s2  with  the  suspected  outlier  deleted. 

(1)  Compute  the  mean  of  the  readings  with  the  suspected 
outlier  deleted. 

(2)  Compute  Che  differences  between  each  reading  and  the 
mean . 

(3)  Square  each  difference. 

(4)  Sum  the  squares. 

(5)  Divide  step  (4)  by  the  quantity  (N-2). 

e.  Divide  s2  by  s2. 

f.  Use  the  "First  Outlier  CV"  column  of  Table  B-17,  page  2-71, 
to  obtain  the  critical  value  (CV)  for  N  samples  at  the  desired  confidence 
level. 


g.  If  s2/s2  is  less  than  the  CV,  decide  that  the  reading  i3 
an  outlier;  otherwise,  there  is  no  reason  to  believe  that  the  reading  is 
an  outlier  at  the  desired  confidence  level. 

h.  If  the  reading  is  an  outlier,  exclude  it  from  the  data 
and  proceed  to  step  i.  If  the  reading  is  not  an  outlier,  return  the 

reading  to  the  set  of  data,  and  no  further  examination  of  the  data  is  required. 

i.  With  the  outlier  deleted,  isolate  the  reading  which  deviates 
most  from  the  mean.  If  this  suspected  outlier  is  on  the  same  side  of  the 
mean  as  the  outlier,  proceed  to  step  j.  If  both  readings  are  not  on  the 
same  side  of  the  mean,  conclude  that  it  is  invalid  to  eliminate  both  as 
outliers.  Therefore  the  suspected  outlier  is  retained  with  no  further 
examination  of  the  data  required. 

j.  Compute  the  standard  deviation  with  both  the  outlier  and 
suspected  outlier  removed  (s^). 

k.  Divide  s2  by  s2. 

l.  Use  the  "Second  Outlier  CV"  column  of  Table  B-17,  page  2-71, 
to  obtain  the  CV  for  N  samples  at  the  desired  confidence  level. 
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m.  If  s|/s2  Is  less  than  the  CV,  decide  that  the  reading 
(suspected  outlier)  is  an  outlier  at  the  desired  confidence  level;  otherwise, 
there  is  no  reason  to  believe  that  the  reading  is  an  outlier. 

n.  If  the  reading  is  an  outlier,  exclude  it  from  the  data.  If 
it  is  not  an  outlier,  return  the  reading  to  the  set  of  data.  In  either 
event,  no  further  examination  of  the  data  is  required. 


9. 2. 1.4. 4  EXAMPLE 
Given: 

Sample  data  at  Table  A-5b,  page  1-13  (or  Table  A-5c, 

page  1-14). 

Procedure:  Example: 

a.  a  **  .05 
1-a  «  .95 

b.  s2  -  2,576.67 

See  paragraph  9. 2. 1.1. 4,  page  106, 
for  computation. 


a.  Choose  the  confidence 
level  (1-a). 

b.  Compute: 
s2  - 

8  *  it£T 


c.  Isolate  reading  number  2, 
1100  meters. 

d.  sf  -  858.93 


s2  858.93 

s2  2576.67 
-  .3333 


f.  Use  the  "First  Outlier  f.  For  N  =  16  and  1-a  =  .95, 

CV,"  column  of  Table  B-17,  CV  =  .6166 

page  2-71,  to  obtain  CV 
for  N  samples  at  a  100(l-a)% 
confidence  level. 

g.  If  s^/s2  <  CV,  decide  g.  Since  .3333  <  .6166,  decide 

that  the  reading  is  an  outlier;  that  1100  is  an  outlier  at  a 

otherwise,  there  is  no  reason  95%  confidence  level. 

to  believe  that  the  reading  is 
an  outlier  at  a  100(l-a)% 
confidence  level. 
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h.  If  the  reading  is  an  outlier, 
exclude  it  from  the  data  and 
proceed  to  step  i.  If  the 
reading  is  not  an  outlier,  return 
the  reading  to  the  set  of  data, 
and  no  further  examination  of 
the  data  is  required. 

i.  With  the  outlier  deleted, 
isolate  the  reading  which  deviates 
most  from  the  mean.  If  this  sus¬ 
pected  outlier  is  on  the  same 
side  of  the  mean  as  the  outlier, 
proceed  to  step  j.  If  both 
readings  are  not  on  the  same 

side  of  the  mean,  conclude  that 
it  is  invalid  to  elimirate  both 
as  outliers.  Therefore,  the 
suspected  outlier  is  retained  with 
no  further  examination  of  the 
data  required. 

j.  Compute  s^. 

k.  Compute: 


l.  Use  the  "Second  Outlier 
CV"  column  of  Table  B-17, 
page  2-71,  to  obtain  the 

CV  for  N  samples  at  a  100(l-a)% 
confidence  level. 

m.  If  s^/s2  <  CV,  decide  that 
the  reading  is  an  outlier  at  a 
100(l-a)%  confidence  level; 
otherwise,  there  is  no  reason 
to  believe  that  the  reading 

is  an  outlier. 

n.  If  the  reading  is  an  outlier, 
exclude  it  from  the  data.  If 

it  is  not  an  outlier,  return  the 
reading  to  the  set  of  data.  In 
either  event,  no  further  exam¬ 
ination  of  the  data  is  required. 

9. 2. 1.4. 5  ANALYSIS 


h.  Since  reading  number  2  is  an 
outlier,  reading  number  12,  1325 
meters,  is  the  next  suspected 
outlier  to  isolate. 


i.  Since  reading  number  12  is 
on  a  different  side  of  the  mean 
than  reading  number  2,  conclude 
that  reading  number  12  is  not  an 
outlier.  Return  the  reading  to 
the  set  of  data.  Conclude  that 
reading  number  2  is  the  only 
outlier  in  the  set  of  data.  No 
further  analysis  of  the  data 
is  required. 


The  dispersion  of  the  data  with  the  suspected  outlier  Included 
is  compared  to  the  dispersion  with  the  outlier  removed.  If  this  ratio  falls 
below  a  certain  value  (Table  B-17,  page  2-7  U,  the  reading  is  deleted  as  an 
outlier  at  the  desired  confidence  level.  This  particular  method  for  Isolating 
outliers  is  used  due  to  small  samples  and  the  fact  that  only  one  or  two  obser¬ 
vations  will  possibly  be  outliers  with  any  confidence. 
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9.2.2  COMPARING  PROBABLE  ERRORS  (PE's) 

As  stated  in  paragraph  4.5.4,  page  7,  the  PE  is  a  measure  of 
deviation  from  y  such  that  502  of  the  observations  may  be  expected  to  lie 

between  y  -  PE  and  y  +  PE.  Since  the  PE  is  a  function  of  the  standard 

deviation  (PE  -  . 6745sfi  or  PE  .6745  s),  the  same  tests  used  for  the  com¬ 
parison  of  standard  deviations  will  be  used  to  compare  PE's  for  a 
significant  difference. 

9. 2. 2.1  COMPARING  AN  OBSERVED  PE  TO  A  REQUIREMENT 

a.  An  observed  PE  is  generated  from  a  sample  and  is  repre¬ 
sentative  of  r.  This  value  of  PE  is  then  compared  to  a  stated  requirement 

(tg).  However,  looking  at  the  values  of  PE  and  the  requirement  to  decide 
whether  r  is  greater  than  t0  or  t  is  less  than  t0  at  a  confidence  level 

is  insufficient.  Since  the  decision  pertains  to  the  population,  statistical 
tests  must  be  applied  to  PE  to  determine  whether  t  is  greater  than  x0  or  t 
is  less  than  x0. 

b.  There  exist  two  possibilities  for  the  relationship  of  PE 
to  t 0 ,  Following  are  the  assumptions  and  the  circumstances  for  each 
possible  relationship: 

(1)  PE  greater  than  r0 . 

(a)  The  null  hypothesis  is  x  is  greater  than  x0. 

(b)  The  alternative  hypothesis  is  there  is  no  reason 
to  believe  x  is  greater  than  x0 . 

(c)  The  use  of  this  test  is  appropriate  when  x0 
is  a  maximum  value  for  x  to  satisfy.  In  the 
event  that  x  must  not  be  greater  than  x0,  this 
test  would  be  appropriate. 

(2)  PE  less  than  t0. 

(a)  The  null  hypothesis  is  t  is  less  than  t0. 

(b)  The  alternative  hypothesis  is  there  is  no  reason 
to  believe  that  r  is  less  than  t0. 

(c)  The  use  of  this  test  is  appropriate  when  t0  Is 
a  minimum  value  for  r  to  satisfy.  In  the  event 
that  x  must  meet  or  exceed  tq,  this  test  would 
be  appropriate. 

c.  In  order  to  test  the  above  hypotheses  when  given  the  values 
of  PE  and  x  ,  s  and  i0  must  be  computed;  and  the  appropriate  test  as  des¬ 
cribed  in  paragraphs  7.2.1  through  7.2.  2, page  70  through’’  must  be  performed 
The  values  of  s  and  Co  are  determined  by  multiplying  PE  and  x0  each  by 
1.4826.  Since  the  PE  is  a  multiple  of  s,  the  conclusions  drawn  concerning 
standard  deviations  will  also  hold  true  for  probable  errors;  e.g.  ,  if  the 
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null  hypothesis  that  o  is  less  than  o0  is  accepted  at  a  100(l-a)?  confidence 
level,  then  the  null  hypothesis  that  t  is  less  than  t0  can  also  be  accepted 
at  the  same  confidence  level. 

9. 2. 2. 2  COMPARING  TWO  OBSERVED  PE's 

a.  An  observed  probable  error  is  generated  from  a  sample  and 
is  representative  of  t.  This  value  of  PE  is  then  required  to  meet  a 
standard  item  PE  which  is  representative  of  the  standard  items  population. 
Looking  at  the  values  of  the  probable  errors  (PEA  and  PEB)  to  decide  whether 
ta  is  greater  than  xB  or  xA  is  less  than  xB  at  a  confidence  level  is 
insufficient.  Since  the  decision  pertains  to  the  populations,  statistical 
tests  jnust  be  applied  to  PA  and  Pg  to  determine  whether  XA  is  greater  than 

B  or  'A  is  less  than  B.  The  statistical  tests  use  the  sample  PE’s  as 
estimates  ofi the  population  PE’s. 

b.  Type  A  generally  represents  the  test  item  and  Type  B,  the 
standard  item  when  testing  the  hypothesis  that  ta  is  greater  than  tb.  However, 
to  prove  that  the  PE  of  the  test  item  is  less  than  that  of  the  standard 

item.  Type  A  must  represent  the  standard  item  so  that  the  hypothesis,  xA  is 
greater  than  tb,  can  be  tested. 

c.  When  the  null  hypothesis  is  xA  is  greater  than  xB,  the 
alternative  hypothesis  is  there  is  no  reason  to  believe  that  xA  is  greater 
than  xB. 

d.  This  test  is  appropriate  when  xB  is  a  maximum  value  for 
xA  to  satisfy. 

e.  In  order  to  test  the  above  hypothesis  when  given  the  values 
of  PE.  and  PEg,  sA  and  sfl  must  be  computed;  and  the  appropriate  test  as 
described  in  paragraphs  /.3.1  and  7.3.2,  pages  74  and  76,  must  be  performed. 

The  values  of  sA  and  sB  are  determined  by  multiplying  PEA  and  PEB  each  by 
1.4826.  Since  the  PE  is  a  multiple  of  s,  conclusions  drawn  concerning 
standard  deviations  will  also  hold  true  for  probable  errors;  e.g.,  if  the 
null  hypothesis  that  oa  is  greater  than  oB  is  accepted  at  a  100(l-a)Z 
confidence  level  then  the  null  hypothesis  that  ta  is  greater  than  xB  can 
also  be  accepted  at  the  same  confidence  level. 

9. 2. 2. 3  DETERMINATION  OF  SAMPLE  SIZE 

a.  The  determination  of  Nt  is  necessary  to  assure  that  there 
is  a  sufficient  sample  upon  which  to  base  a  decision  to  accept  or  reject 
a  null  hypothesis  at  a  specified  confidence  level. 

b.  The  values  of  s  and  a0  are  determined  by  multiplying  the  PE 
and  x0  each  by  1.4826.  Nt  is  determined  by  following  the  appropriate 
procedure  as  described  in  paragraph  7.2.3,  page  72. 

c.  The  values  of  sA  and  sB  are  determined  by  multiplying 

PEA  and  PEjj  each  by  1.4826.  Nt  is  determined  by  following  the  appropriate 
procedure  as  described  in  paragraph  7.3.2,  page  76. 
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9.2.3  CIRCULAR  PROBABLE  ERROR 

9. 2. 3.1  COMPUTATION 

9. 2. 3. 1.1  OBJECTIVE 

To  determine  the  radius  of  a  circle  such  that  502  of  the 
population  lie  within  the  circle. 

9. 2. 3. 1.2  DATE  REQUIRED 

List  of  sample  eastings  and  corresponding  northings. 


9. 2.3. 1.3  PROCEDURE 

a.  Compute  s  for  the  eastings  (sE),  (see  paragraph  7. 1.1. 3, 

page  64). 

b.  Compute  s  for  the  northings  (sjj) ,  (see  paragraph  7. 1.1. 3, 

page  64). 

c.  Compute  the  CPE  as  follows: 

(1)  If  sE  equals  sN,  multiply  s£  by  1.1774  to  obtain  the 
CPE. 

(2)  If  s£  is  not  equal  to  sN,  compute  the  equivalent  CPE 
as  follows: 

(a)  Add  sE  to  Sfl. 

(b)  Multiply  step  (1)  by  .5887. 


9. 2. 3. 1.4  EXAMPLE 
Given: 

Sample  data  at  Table  A-5e,  page  1-17. 


Procedure: 
a.  Compute  s£: 


Example : 


3,389,046 

14 


-  242,074.7 

-  4‘»2.01 

-  492 
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c.  Compute  one  of  the  following: 

(1)  If  S£  -  8(j  compute: 

CPE  -  1.1774  sE 

(2)  If  sE  +  s»  compute 
Equivalent  CPE  ■  .5887  (sg+Sjj) 

9. 2. 3. 1.5  ANALYSIS 

The  CPE  is  the  radius  of  a  circle  within  which  1/2  or  502  of 

the  population  lies.  The  following  is  a  list  of  multiples  of  the  CPE  and  the 

percentages  of  the  population  which  lie  within  the  respective  circles  for 
a  circular  normal  distribution: 

a.  2 (CPE)  contains  93.752  of  the  population. 

b.  3(CEP)  contains  99.812  of  the  population. 

c.  3.5(CPE)  contains  99.992  of  the  population. 

9. 2.3. 2  OUTLIERS 

9. 2. 3. 2.1  OBJECTIVE 

To  identify  an  outliers  which  may  be  present. 

9. 2. 3. 2. 2  DATA  REQUIRED 

A  list  of  sample  eastings  and  corresponding  northings. 

9. 2. 3. 2. 3  PROCEDURE 

a.  Compute  the  CPE  for  all  of  the  readings. 

b.  Compute  the  distance  from  the  mean  (dm)  for  each  set  of 
coordinates  using  data  from  step  a. 

c.  Isolate  each  suspected  outlier  beginning  with  the  largest 
distance  from  the  mean. 

d.  Recompute  the  CPE,  with  the  suspected  outlier  deleted, 

as  follows: 

(1)  Compute  sg  (and  s^)  as  follows: 

(a)  Compute  the  mean  of  the  remaining  eastings  (northings) . 

(b)  Compute  the  deviation  of  each  remaining  reading 
from  the  mean. 

(c)  Square  each  deviation. 

(d)  Sum  the  squared  deviations. 

(e)  Since  Nj  is  the  sample  size  with  the  suspected 
outlier  deleted,  divide  step  (d)  by  the  quantity 
(Nj-1). 

(f)  Find  the  square  root  of  step  (e). 

(2)  Add  sE  to  Sf<. 


c.  Since  343.36  i  492.01, 
Equivalent  CPE 

-  .5887  (343.36+492.01) 

-  .5887  (835.37) 

-  491.78 

-  492 
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(3)  Multiply  step  (2)  by  .5887. 

e.  Compute  the  dm  between  the  suspected  outlier  and  the  mean 
of  the  remaining  readings  (suspected  outlier  deleted). 

f.  If  dm  is  greater  than  3.5(CPE)t  decide  that  the  reading  is 

an  outlier;  otherwise,  there  is  no  reason  to  believe  the  reading  is  an  outlier. 

g.  If  the  reading  is  an  outlier,  exclude  it  from  the  data  and 
repeat  step  c  (with  N  *  Nj)  through  step  f.  If  the  reading  is  not  an  outlier, 
return  the  reading  to  the  set  of  data;  and  no  further  examination  of  the 

data  is  required. 

9. 2. 3. 2. 4  EXAMPLE 


Given: 

Sample  data  at  Table  A- 


Procedure: 


a.  Compute  the  CPE  for  all  of 
the  readings. 


b.  For  each  set  of  coordinates, 
compute: 

dm  -/ae2+an2~~ 


c.  Isolate  the  suspected  outlier. 

d.  (1)  Compute  sg  for  the  remain¬ 
ing  eastings. 


(2)  Compute  sN  for  the  remain¬ 
ing  northings. 


(3)  Compute: 

CPE  -  .  5887  (sg+sjj) 


5e,  page  1-17  and  Table  A-5f,  page  1_18. 
Example: 

a.  CPE  -  491.78 

■  492 

See  Table  A~5e,  page  1-17. 

b.  (1)  dm  zj 10, 914+30, 276 

v/4ia9o 

-  202.95 

(2)  dm  -^/341+35,344 
-735,685 

-  188.90 

See  Table  A-5e,  page  1-17 
for  complete  list. 

c.  Isolate  reading  number  3. 

d.  (1)  sE  1,469, 036/ (14-1) 

^ 113, 002. 8 

-  333.16 

-  333 

(2)  sN  ^/l7505, 179/(14-1) 

115,783.0 

-  340.27 

-  340 

(3)  CPE  -  .5887(333.16+340.27) 

-  .5887(673.43) 

-  396.45 
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e.  For  Che  suspected  outlier, 
compute: 

d,,,  -/A e2+an2 


f.  If  da  >  3. 5 (CPE) ,  decide  that 
the  reading  is  an  outlier;  other¬ 
wise,  there  is  no  reason  to  believe 
that  the  reading  is  an  outlier. 

g.  (1)  If  the  reading  is  an 
outlier,  exclude  it  from  the  data 
and  repeat  step  c  (with  N-Nj ) 
through  step  f. 

(2)  If  the  reading  is  not 
an  outlier,  return  the  reading 
to  the  set  of  data;  and  no 
further  examination  of  the 
data  is  required. 


e.  For  reading  3, 

dm  195, 302+2, 018, 417 

2,213,719” 

-  1487.86 

-  1488 

f.  Since  1488  >  1190,  decide 
that  the  reading  is  an  outlier. 


g.  (1)  Since  the  reading 
number  3  is  an  outlier,  exclude 
if  from  the  data  and  repeat 
step  c  (with  N«14)  through 
step  f. 

(2)  If  reading  number  6 
(next  suspected  outlier)  is  not  an 
outlier,  return  it  to  the  set  of 
data;  and  no  further  examination 
of  the  data  is  required. 


9. 2. 3. 2. 5  ANALYSIS 

a.  The  distance  between  the  suspected  outlier  and  the  mean  of 
the  remaining  readings  must  be  greater  than  3. 5 (CPE)  for  the  reading  to  be 
an  outlier. 

b.  The  easiest  approach  to  identifying  outliers  is  to  use  a 
computer.  The  formulae  and  comparisons  are  the  same  as  the  manual  method 
just  outlined;  however,  each  coordinate  is  checked  for  the  possibility  of 
being  an  outlier. 


9.2.4  BIVARIATE  NORMAL  DISTRIBUTION 

At  this  time  the  applications  of  the  bivariate  distribution 
are  not  fully  developed.  Therefore,  no  use  is  made  of  it  in  this  MTP.  The 
bivariate  distribution  is  mentioned  because  a  discussion  and  demonstration 
problem  will  be  added  whe*-  correct  procedures  for  its  use  are  developed. 

10.  RELIABILITY 

a.  Statements;  such  as,  "the  minimum  system  reliability  is 
902  with  a  confidence  level  of  at  least  952,  infer  that  on  the  average  the 
test  item  will  function  successfully  in  90  cases  out  of  100  and  that  95 
times  out  of  100  the  902  figure  will  be  achieved  or  exceeded.  If  46  samples 
tested  with  1  failure  occurring.  Table  B-18,  page  2-74,  shows  that  the  R 
is  at  least  902.  The  confidence  level  is  952,  since  for  one  failure  the 
90%  "Reliability"  row  and  the  952  "Confidence  Level"  column  intersect  at  N  •  46. 
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Therefore,  a  confidence  level  of  95%  Indicates  that  if  100  groups,  each 
containing  46  samples,  were  tested  then  on  the  average  five  of  these  groups 
would  have  more  than  one  failure  and  95  of  these  groups  would  have  one  or 
zero  failures. 


b.  That  high  requirements  place  limitations  on  acceptability 
is  intuitively  evident.  Stringent  limitations  require  sufficient  sampling 
to  provide  an  objective  view  of  the  :est  item.  However,  in  the  interest 
of  economy,  testing  must  be  accomplished  with  a  minimum  number  of  samples. 
This  may  be  accomplished  by  decreasing  the  desired  reliability  (confidence 
level)  while  holding  the  confidence  level  (desired  reliability  fixed. 
Therefore,  serious  consideration  must  be  given  to  sample  size,  the  related 
R,  and  the  desired  confidence  level. 

10.1  SUCCESS  FAILURE 

10.1.1  DETERMINATION  OF  RELIABILITY 

10.1.1.1  OBJECTIVE 

To  determine  the  population  reliability  (p)  of  the  test  item 

at  the  desired  confidence  level.  The  required  reliability  (p0)  and  the 
confidence  level  are  usually  directed  by  a  higher  authority  or  a  Require¬ 
ments  Document. 

10.1.1.2  DATA  REQUIRED 

The  number  of  failures  (f)  and  N  for  a  success-failure  type  test. 

10.1.1.3  PROCEDURE 

a.  Case  I: 

(1)  Use  Table  B-18,  page  2-74,  to  obtain  the  intersection 
of  the  "Reliability"  row  and  the  "Confidence  Level" 
column  for  the  number  of  failures  which  occurred  (see 
page  2-125  for  75%  confidence  level). 

(2)  If  N  is  equal  to  or  larger  than  the  intersection  value, 
decide  that  p  is  equal  to  or  greater  than  pc  (testing 
may  cease);  otherwise,  there  is  no  reason  to  believe 

p  is  equal  to  or  greater  than  p0  at  the  desired  con¬ 
fidence  level  (testing  may  cease  with  a  reject  decision 
or  testing  must  continue  with  e  decision  being  made  at 
a  later  date). 

b.  Case  II:  Reliability  confidence  limits. 

(1)  Compute  the  two-sided  UCL  and  LCL  as  follows: 

(a)  Choose  the  desired  confidence  level. 

(b)  Perform  the  following  calculations  to  obtain  the 
UCL: 


JL.  Cc-pute  d.f.2  as  follows: 

a.  Multiply  the  number  of  success  (sc)  by  2. 
b_.  Add  2  to  step  a. 
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2.  Compute  d.f.2  as  follows: 

a.  Multiply  sc  by  2. 
b>  Multiply  N  by  2. 
c.  Subtract  step  a  from  step  b.- 

3..  Use  Table  B-8,  page  2-18,  to  obtain 
^l-a/2  for  (d.f.j,  d.f.2)  d.f. 
k.  Compute  the  following: 

a.  Add  1  to  sc. 

b. .  Subtract  sc  from  N. 

c_.  Divide  step  a.  by  step  Jb. 

Multiply  step  c_  by  step  3. 
e_.  Add  1  to  step  d. 
f_.  Divide  1  by  step  £. 

Subtract  step  X  from  1. 

(c)  Perform  the  following  calculations  to  obtain  the 
LCL: 


1.  Compute  d.f.j  as  follows: 

a.  Multiply  f  by  2. 

b.  Add  2  to  step  a. 

2.  Compute  d.f.2  as  follows: 

a.  Multiply  f  by  2. 

b, *  Multiply  N  by  2. 

£.  Subtract  step  a  from  step  b_* 

<3.  Use  Table  B-8,  page  2-18,  to  obtain 
^1-0/2  for  (d.f.j,  d.f.2)  d.f. 

X*  Compute  the  following: 

a_.  Add  1  to  f. 

X*  Subtract  f  from  N. 
c_.  Divide  step  a  by  step  X- 
Multiply  step  c  by  step  J3* 
je.  Add  1  to  step 
X-  Divide  1  by  step  £. 

(d)  Conclude  that  d  is  equal  to  or  between  the  UCL  and 
LCL  at  the  desired  confidence  level. 

(2)  Compute  the  one-sided  UCL  as  follows: 

(a)  Choose  the  desired  confidence  level. 

(b)  Compute  d.f.]  as  follows: 

X-  Multiply  sc  by  2. 

2.  Add  2  to  step  X' 

(c)  Compute  d.f.2  as  follows: 

X-  Multiply  sc  by  2. 
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2.  Multiply  N  by  2. 

3..  Subtract  step  1,  from  step  2. 

(d)  Use  Table  B-8,  page  2-18,  to  obtain  for 

(d.f . i ,  d.f .2)  d.f . 

(e)  Perform  the  following  calculations: 

1.  Add  1  to  sc. 

2.  Subtract  sc  from  N. 

3.  Divide  step  ,1  by  step  2. 

4..  Multiply  step  3,  by  step  (d). 

_5.  Add  1  to  step  4_. 

6..  Divide  1  by  step  5,. 

7_.  Subtract  step  6,  from  1  to  obtain  the  UCL. 

(f)  Conclude  that  p  is  equal  to  or  less  than  the 
UCL  at  the  desired  confidence  level. 

(3)  Compute  the  one-sided  LCL  as  follows: 

(a)  Choose  the  desired  confidence  level. 

(b)  Compute  d.f.j  as  follows: 

,1.  Multiply  f  by  2. 

2.  Add  2  to  step  1. 

(c)  Compute  d.f. 2  as  follows: 

JL.  Multiply  f  by  2. 

2.  Multiply  N  by  2. 

3..  Subtract  step  1_  from  step  2. 

(d)  Use  Table  B-8,  page  2-18,  to  obtain  Fj_a  for 
(d.f.j,  d.f. 2)  d.f. 

(e)  Perform  the  following  calculations: 

1_.  Add  1  to  f. 

2.  Subtract  f  from  N. 

_3.  Divide  step  JL  by  step  _2. 

4^  Multiply  step  _3  by  step  (d). 

5..  Add  1  to  step  4^. 

6_.  Divide  1  by  step  _5  to  obtain  the  LCL. 

(f)  Conclude  that  p  is  equal  to  or  greater  than  the 
LCL  at  the  desired  confidence  level. 

NOTE:  The  LCL  is  usually  referred  to  as  the 
R  of  the  test  item  at  the  desired 
confidence  level  and  it  is  the  re¬ 
liability  which  is  compared  to  the 
requirements . 
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10.1.1.4  EXAMPLE 

a.  Case  I: 
Given: 


Po  -  .90 

1-a  -  .90 

N  -  52 
f  -  5 

Procedure: 

(1)  Use  Table  B-1S,  page  2-74, 
to  obtain  the  intersection  of 
the  "Reliability"  row  and  the 
"Confidence  Level"  column  for 
the  number  of  failures  which 
occurred. 

(2)  If  N  is  equal  to  or  larger 
than  the  intersection  value, 
decide  that  p  £  p0;  otherwise, 
there  is  no  reason  to  believe 

p  i  p0  at  a  100(l-a)%  confidence 
level . 

NOTE:  To  determine  the  achieved 
reliability  at  the  desired 
confidence  level,  continue 
with  Case  II. 

b.  Case  II: 

Given: 

N  -  52 
f  -  5 

Procedure: 

(1)  Compute  the  two-sided  LCL 
and  UCL  as  follows: 

(a)  Choose  the  confidence 
level  (1-a). 


(b)  Compute: 

_1.  d.  f .  ]  *  2(sc)+2 
2.  d . f . 2  -  2N-2  (sc) 


Example: 

(1)  For  f  »  5,  p0  *  .90,  and 
1-a  -  .90,  the  intersection  is 
N  -  91. 


(2)  Since  91  >.  52,  decide  that 
there  is  no  reason  to  believe 
that  p  i  .90  at  a  90%  confidence 
level. 


Example : 

(1) 

(a)  a  *  .05 
1-a  -  .95 

l-a/2  -  .975 

(b)  1.  d.f.j  -  2(47)  +  2 

-  =6 

2.  d.f.2  -  2(52)  -  2(47) 

-  10 


Reliability  confidence  limits 
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(d)  Conclude  that  p  i  UCL 
and  p  i  LCL  at  a  100(l-a)%  confi¬ 
dence  level. 

(2)  Compute  the  one-sided 
UCL  for  p  as  follows: 

(a)  Choose  the  confidence 
level  (1-a) . 

(b)  Compute: 

d.f . i  -  2(sc)  +  2 


(c)  Compute: 

d.f. 2  -  2(N)-2(sc) 


(d)  Use  Table  B-8,  page  2-18, 
to  obtain  F  j_a  for  (d.f.l,  d.f.?)  d.f. 


(e)  Compute: 
UCL  -  1  - 


1 

sc+I 


1+<7~ )Fl-a 
N-SC 


(f)  Conclude  that  p  i  UCL 
at  a  100(1-02  confidence  level. 


(d)  Conclude  that  o  i  .97 
and  p  2  .78  at  a  952  conficence 
level. 

(2) 


(a)  a  ■  .05 
1-a  -  .95 

(b)  d.f.j  -  2(47)  4  2 

-  94  4-  2 

-  96 

(c)  d.f. 2  -  2(52)-2(47) 

-  104-94 

-  10 

(d)  F.95  for  (96,10)d.f . 
approximates  closely 

F.9r  for  (100,10)d.f. 

F.95  for  (100 ,10)d .  f  .=>  2.6 


(e) 

UCL 


52-47 


1  - 

1  - 
1  - 

1  - 


1+(^|)  (2.6) 


T+&:Zo(j)U.6) 

1 

1+24/96 

1 


-  1  -  .0385 

-  .9615 
=  .97 

(f)  Conclude  that  -•  s.  .97 
at  a  952  confidence  level. 


i 


) 

! 

1 


I 


A 
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(3)  Compute  the  one-sided  LCL  (3) 

for  p  as  follows: 


(a)  Choose  the  confidence 
level  (1-a). 

(b)  Compute: 
d.fM  -  2(f)+2 

(c)  Compute: 

d.f.2  -  2(N)  -  2(f) 

(d)  Use  Table  B-8,  page  2-18, 

to  obtain  Fi_a  for  - f . j ,  d.f.2)  d. 


(a) 

o  ■ 

.05 

1-a 

-  .95 

(b) 

d.f. 

1  “ 

2(5)+2 

m 

12 

(O 

d.f. 

2  * 

2(52)-2(5) 

- 

104-10 

. 

94 

(d)  F.95  for  (12,9A)d,f . 

approximates  closely 

F.9S  for  (12,90)d.f . 

F.95  for  (12,90)d. f .  - 


(e)  Compute: 


LCL 


(f)  Conclude  that  p  2  LCL 
at  a  100(l-o0%  confidence  level. 


(e) 


LCL 


1+#5,r-« 


1  +(  _1  )  (1.86) 

47 

_ 1 _ 

1+(.1277) (1.86) 

1 


1+.2374 

1 

1.2374 


-  .8081 
-  .80 

(f)  Conclude  that 
p  2  .80  at  a  95%  confidence 
level . 

NOTE:  .80  is  referred  to 

as  the  reliability 
of  the  test  item 
at  a  95%  confidence 
level . 


.86 
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10.1.1.5  ANALYSIS 

a.  Case  I: 

If  N  i  the  intersection  value  (Table  B-18,  page  2-74) 
the  null  hypothesis  that  p  i  p0  is  accepted;  otherwise,  there  is  no 
reason  to  believe  p  >  po  at  a  100  l-a2  confidence  level. 


b.  Case  II: 

(1)  The  two-sided  interval  surrounds  p  such  that  p  < 

UCL  and  p  a  LCL  at  a  100(l-ot)Z  confidence  level. 

(2)  The  one-sided  interval  surrounds  p  such  that  p  s 
UCL  at  a  100(l-a)2  confidence  level. 

(3)  The  one-sided  interval  surrounds  p  such  that  p  a 
LCL  at  a  100  (l-a)Z  confidence  level. 

10.1.2  DETERMINATION  OF  SAMPLE  SIZE 

10.1.2.1  OBJECTIVE 

a.  To  determine  the  absolute  minimum  Nt  required  to  establish 
p0  at  the  desired  confidence  level. 

b.  To  determine  the  minimum  Nt  required  to  establish  p0  at 
the  desired  confidence  level  when  the  average  number  of  failures  is  known 
from  previous  testing  or  a  comparable  item. 

10.1.2.2  DATA  REQUIRED 

a.  None. 

b.  The  average  number  of  failures  known  from  a  standard  item, 
history,  or  Requirements  Document. 

10.1.2.3  PROCEDURE 

a.  Case  I:  Determination  of  an  absolute  minimum  Nt. 

(1)  Use  Table  B-18,  page  2-74  t0  obtain  the  intersection 
of  the  "Reliability"  row  and  the  "Confidence  Level" 
column  for  zero  failures. 

(2)  Conclude  that  the  intersection  value  is  the  absolute 
minimum  Nt  since  zero  failures  constitutes  the  ideal 
situation. 

b.  Case  II:  Determination  of  Nt. 

(1)  Use  Table  3-18,  page  2-74,  to  obtain  the  intersection 
of  the  "Reliability"  row  and  the  "Confidence  Level" 
column  for  the  average  number  of  failures  known  from 
a  standard  item,  history,  or  Requirements  Document. 
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(2)  Conclude  that  the  intersection  value  is  the  minimum 
N£.  Generally  the  test  item  must  be  as  good  as 
previous  test  results  from  a  standard  item.  Note 
that  in  most  cases  this  Nt  will  be  larger  than  the 
absolute  minimum  Nt  generated  in  Case  I. 

10.1.2.4  EXAMPLE 

a.  Case  I:  Determination  of  an  absolute  minimum  Nj. 

Given: 


p0  -  .95 
1-a  -  .90 
f  -  0 

Procedure: 

(1)  Use  Table  B-18,  page  2-74, 
to  obtain  the  intersection  of 
the  "Reliability"  row  and  the 
"Confidence  Level"  column  for  zero 
failures. 

(2)  Conclude  that  the  inter¬ 
section  value  is  the  absolute 
minimum  Nt  since  zero  failures 
constitures  the  ideal  situation. 


Example : 

(1)  For  f  ■  0,  o0  *  .95, 
and  l-o  *  .90, 

Nt  »  45 

(2)  For  zero  failures, 
conclude  that  45  samples  are 
required  to  achieve  p  »  .95 
at  a  confidence  level  of  90%. 


b.  Case  II:  Determination  of  Nt 
Given : 

P0  =  .95 
1-a  =  .90 

Average  number  of  failures  for  the  standard  item  *  6 


Procedure : 

(1)  Use  Table  B-18,  page  2-74, 
to  obtain  the  intersection  of 
the  "Reliability"  row  and  the 
"Confidence  Level"  column  for 
the  average  number  of  failures. 

(2)  Conclude  that  the  inter¬ 
section  value  is  the  minimum 
Nt<  Generally  the  test  item 
must  be  as  good  as  previous 
test  results  from  a  standard 
item. 

NOTE:  In  most  cases  this 

Nt  will  be  larger 
than  the  absolute 
minimum  Nt  generated 
in  Case  I. 


Example : 

(1)  For  f  -  6,  pp  -  .95, 
and  1-a  =  .90, 

Nt  *  209. 

(2)  For  no  more  than  six 
failures,  conclude  that  209 
samples  are  required  to  achieve 
p  =  .95  at  a  90%  confidence 
level . 

NOTE:  209  >  45 
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10.1.2.5  ANALYSIS 

a.  Initial  Nfc. 

At  a  specified  confidence  level,  reliability,  and  number 
of  failures,  Nt  samples  are  required  to  determine  whether  p  a  p0.  Zero 
failures  will  generate  the  absolute  minimum  Nt. 

b.  Adequacy  of  Nt. 

After  the  initial  Nt  samples  have  been  tested,  R  must  be 
computed  at  the  desired  confidence  level  for  the  number  of  failures  that 
occurred.  If  the  computed  R  is  equal  to  or  greater  than  p0,  the  initial 
Nt  is  adequate;  however,  if  the  computed  R  is  less  than  p0,  the  initial 
Nt  is  inadequate.  If  Nt  is  inadequate,  Nt  must  be  recomputed  using  the 
number  of  failures  which  have  occurred,  p0 ,  and  the  desired  confidence  level; 
and  additional  must  be  tested  if  possible  or  a  reject  decision  made. 

10.1.3  SEQUENTIAL  ANALYSIS  FOR  SUCCESS-FAILURE 

a.  When  testing  an  hypothesis  using  the  sequential  method, 
the  project  officer  is  able  to  make  one  of  the  following  three  decisions 
at  any  stage  of  testing: 

(1)  Accept  the  hypothesis. 

(2)  Reject  the  hypothesis. 

(3)  Continue  the  experiment  by  collecting  additional  data. 

b.  Usually  a  p0  of  .95  with  a  high  degree  of  assurance  is 
required.  In  order  to  achieve  assurance  of  such  a  high  p0,  the  project 
officer  would  have  to  conduct  excessive  testing;  e.g.,  many  thousands  of 
rounds.  Thi3  may  be  impractical;  however,  using  the  following  statistical 
approach,  the  project  officer  will  achieve  the  predetermined  confidence 
level  for  reaching  the  accept  decision. 

c.  If  certain  criteria  are  set  up  graphically,  a  decision  can 

be  made  to  accept,  reject,  or  continue  testing  the  test  item  after  each  sample 
is  tested.  This  graph  uses  three  areas  to  represent  the  decisions  to  accept, 
reject,  or  continue  testing  the  test  item.  The  accept  region  is  below  a 
boundary  line  determined  by  the  subtraction  of  the  maximum  proportion  of  de¬ 
fectives  (P0)  and  the  confidence  levels  for  rejection  and  acceptance.  The 
continue  testing  area  is  above  the  accept  boundary  line  and  below  the  reject 
boundary  line.  The  size  of  this  area,  which  Is  an  area  of  doubt  for  the  test 
item,  is  determined  by  the  project  officer  (see  paragraph  4.14,  page  14).  The 
area  of  doubt  is  designed  for  a  test  item  which  may  be  g' id  but  has  gotten 
off  to  a  slow  start.  In  this  case,  a  longer  period  of  time  will  be  required 
to  satisfy  the  doubts  concerning  acceptability  of  the  test  item.  The  reject 
boundary  line  is  determined  by  P0  and  the  confidence  levels  for  rejection 
and  acceptance.  The  area  above  this  boundary  line  is  the  area  of  rejection. 

A  graph  of  this  type  is  illustrated  by  Figure  14,  The  number  of  samples 
are  plotted  on  the  horizontal  axis  with  each  increment  representing  one 
sample.  The  number  of  failures  are  plotted  on  the  vertical  axis  with  each 
increment  representing  one  failure. 
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d.  The  construction  of  the  two  boundary  lines  is  described  in 
the  procedure  paragraph  below. 

10.1.3.1  OBJECTIVE 

To  determine  whether  the  proportion  of  defective  test  items  is 
equal  to  or  less  than  P0  at  the  desired  confidence  level. 

10.1.3.2  DATA  REQUIRED 
N  and  f. 

10.1.3.3  PROCEDURE 

a.  Construct  the  boundary  lines  as  follows: 

(1)  Choose  a  and  j5,  the  probabilities!  of  making  Type  I 
and  Type  II  errors  respectively. 

(2)  Choose  the  amount  of  doubt,  the  proportion  of  defectives 
allowable  for  continued  testing. 

(3)  Use  Table  B-19,  page  2-127,  to  obtain  a  and  b  for 
a  and  8. 

(4)  Subtract  D  from  P0  to  obtain  the  upper  limit  for  the 
proportion  of  defectives  (Pu)« 

NOTE:  P0  equals  A0,  if  A0  is  in  terms  of  defectives. 

P0  equals  the  quantity  (1-A0),  if  A0  is  in  terms 
of  successes. 

(5)  Compute  U,  an  intermediate  value,  as  follows: 

(a)  Divide  P0  by  step  (4). 

(b)  Subtract  step  (4)  from  1. 

(c)  Subtract  P0  from  1. 

(d)  Divide  step  (b)  by  step  (c). 

(e)  Multiply  step  (a)  by  step  (d). 

(f)  Find  the  natural  logarithm  of  step  (e). 

(6)  Compute  V,  an  intermediate  value,  as  follows: 

(a)  Subtract  step  (4)  from  1. 

(b)  Subtract  P0  from  1. 

(c)  Divide  step  (a)  by  step  (b). 

(d)  Find  the  natural  logarithm  of  step  (c). 

(e)  Divide  step  (d)  by  step  (5). 

(7)  Determine  the  accept  boundary  line  as  follows: 

(a)  Divide  the  value  b  in  step  (3)  by  step  (5). 

(b)  Multiply  step  (6)  by  N. 

(c)  Add  step  (a)  to  step  (b)  to  determine  the  maximum 
allowable  f  for  accepting  the  test  item  (fACCEPT  ” 

£+V(N)). 

(d)  Choose  two  values  for  N  and  substitute  them  into 
the  above  equation  to  determine  two  points  on  the 
accept  boundary  line. 
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* 


NOTE:  Use  N»0  and  N*  some  large  value;  such  as  50, 

100,  or  150. 

(e)  Draw  the  accept  boundary  line  using  the  two  points 
determined  from  step  (d) . 

(8)  Determine  the  reject  boundary  line  as  follows: 

(a)  Divide  the  value  a  in  step  (3)  by  step  (5) . 

(b)  Multiply  step  (6)  by  N. 

(c)  Add  step  (a)  to  step  (b)  to  determine  the  minimum 
allowable  f  for  rejecting  the  test  item  (fBF TFrT* 

|  +  V(N)) . 

(d)  Choose  two  values  for  N  and  substitute  them  into 
the  above  equation  to  determine  two  points  on  the 
reject  boundary  line. 

(e)  Draw  the  reject  boundary  line  using  the  two 
points  determined  from  step  (d). 

(9)  If  the  two  lines  are  not  parallel,  check  the  com¬ 
putations  and  plotted  points. 

b.  Plot  the  sample  data  on  the  sequential  graph  as  follows: 

(1)  Plot  the  cumulative  sample  size  and  f  after  each  sample. 

(2)  After  plotting  each  point,  decide  whether  to  accept, 
reject,  or  continue  testing  the  test  item. 

NOTE:  An  accept  decision  may  be  made  before  another 
failure  occurs  in  the  event  that  the  sample 
size  increases  sufficiently  after  the  last 
failure  to  cross  the  accept  boundary  line. 
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EXAMPLE 


a.  Construct  the  boundary  lines  as  follows: 
Given: 


P0  -  .07  (7  failures  out  of  100;  reliability  of  93Z) 


Procedure : 

(1)  Choose  a  and  8. 


(2)  Choose  D. 

(3)  Use  Table  B-19,  page  2-127, 
to  obtain  a  and  b  for  a  and  8. 

(4)  Compute: 

?U  “  po  -  D 


Example: 

(1)  a  -  .05 
1-a  -  .95 


8  -  .20 
1-6  -  .80 

(2)  D  -  .02 

(3)  a  -  2.773 
b  -  -1.558 

(4)  P,j  -  .07  -  .02 

-  .05 


-  In  1.4301 

-  .35775 
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(6) 


Compute: 

In 

V  -  - 


(7)  Compute: 

f  ACCEPT  »  |y  +  V(N) 


(8)  Compute: 


REJECT  - 


a  +  V(N) 
U 


(9)  If  the  two  lines  are  not 
parallel,  check  the  computations 
and  plotted  points. 


(6)  V 


.35775 

ln(1.0215) 

.35775 


.021282 

.35775 


-  .059488 


O'*  e  _  -1-558  +  .059488 (N) 

1 ACCEPT  735775 

-  -4, 355+. 059488  (N) 
When  N  -  0,  f ACCEp^>  -  -*-355 

When  N  *  100,  ^ ACCEPT  **  1.594 
Plot  the  points 


(0,-4.355)  and  (100,1.594) 
to  determine  the  accept  boundary 
line. 


(8)  f REJECT 
When  N  »  0,  f 


-  2\l73,  +  • 059488 (N) 

735775 

=*  7 . 7 51+. 059488 (N) 
REJECT  *  7,751 


When  N  -  100,  fREJECT  “  13.700 

Plot  the  points 

(0,7.75)  and  (100,13.700) 
to  determine  the  reject 
boundary  line. 


b.  Plot  the  sample  data  on  the  sequential  graph  as  follows: 
Given: 


Requirements  and  boundary  lines  from  step  a. 
Sample  data  at  Table  A-6a,  page  1-19. 


Procedure : 


Example : 


(1)  Plot  the  cumulative 
sample  size  and  failure  after 
each  sample, 


(Ni? 


fi>- 


(1)  (a)  (30,1) 

(b)  (75,2) 

See  Table  A-6a,  page  1-19, 
for  complete  list. 
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(2)  For  failures  1  through 
3,  decide  to  continue  testing. 

At  failure  number  4  decide  to 
accept  the  test  item.  A 
decision  to  accept  the  test 
item  could  have  been  made 
when  N  was  134  and  f  was  3  since 
the  accept  boundary  was  crossed 
(see  Table  A-6b,  page  1-20). 

NOTE:  From  Table  B-18, 
page  2-74,  when 
f-3,p0».95,  and 
l-a».95,  the  inter¬ 
section  value  is 
153;  thus,  fewer 
samples  (N”134)  are 
needed  using  the 
sequential  method. 

10.1.3.5  ANALYSIS 

a.  The  sequential  method  generally  minimizes  testing  time 
and  N  due  to  the  fact  that  a  decision  to  accept  or  reject  is  made  as 
soon  as  possible  after  the  first  failure.  Since  all  failures  are  not 
necessarily  chargeable  failures,  decisions  will  be  altered  if  certain 
failures  are  not  counted.  If  the  project  officer  ignores  a  failure, 
the  probability  of  accepting  an  unacceptable  item  is  increased.  There¬ 
fore,  the  project  officer  must  carefully  decide  what  constitutes  a  failure 
(see  paragraph  4.2,  page  2). 

b.  Due  to  the  advantages  just  discussed,  the  sequential 
method  should  be  used  whenever  possible  (see  subparagraph  10.2c,  page  134). 

10.2  RELIABILITY  RELATIVE  TO  CONTINUOUS  TESTING 

a.  When  measuring  R  for  the  continuous  testing  situation, 
the  failure  rate  is  assumed  to  approach  the  exponential  distribution 
(see  paragraph  4.15.2,  page  15).  In  this  case  there  are  three  measures 
of  R  that  are  of  interest  to  the  project  officer.  These  are: 

(1)  The  determination  of  mean  time,  miles,  or  rounds 
between  failures  and  the  limits  for  the  mean  at  a 
desired  confidence  level  (see  paragraph  10.2.1, 
page  134). 

(2)  The  determination  of  a  computed  R  (see  paragraph 
10.2.2,  page  145). 

(3)  The  determination  of  the  R  based  on  o0  and  the  desired 
confidence  level  (see  paragraph  10.2.3,  page  147). 

b.  The  first  two  determinations  are  simple  and  straight¬ 
forward  but  are  biased  by  limitations  on  N.  The  third,  which  is  the  only 
sequential  analysis  method,  is  a  truer  representation  of  the  population. 


(2)  After  plotting  each  point, 
decide  to  accept,  reject,  or 
continue  testing  the  test  item. 
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c.  Sequential  analysis  Is  superior  to  nonsequential  analysis 
whenever  the  data  become  available  serially  and  the  cost  of  the  data  (in 
terms  of  time,  labor,  or  material)  is  approximately  proportional  to  the 
amount  of  data.  Nonsequential  analysis  is  superior  whenever  the  amount  of 
data  is  fixed  or  the  cost  of  the  data  is  largely  overhead,  hence  more  or 
less  independent  of  the  amount  of  data.  Superiority  consists  of  minimizing 
the  set  of  quantities  N,  a,  and  8.  Sequential  and  nonsequential  tests 
differ  in  the  constraints  under  which  this  set  is  minimized.  Nonsequential 
tests  treat  N  as  fixed  and  are  designed  so  that  either  risk  a  or  risk  8  is 
minimized  when  the  other  is  fixed.  Sequential  tests  treat  N  as  a  variable 
and  are  designed  so  that  for  fixed  risks,  a  and  8,  the  expected  (average) 
number  of  trials  required  to  reach  a  decision  is  minimized.  If  for  a 
nonsequential  test  N  is  made  large  enough  so  that,  with  a  fixed,  8  will  not 
exceed  a  predetermined  amount,  this  value  of  N  will  exceed  (frequently  by 
as  much  as  100  percent)  the  N  required  for  a  sequential  test  for  the  same 

a  and  8.  Thus,  when  N  is  readily  subject  to  variation,  sequential  tests 
are  superior;  when  N  is  not  readily  varied,  nonsequential  tests  are  superior. 

d.  Examples  of  the  solution  for  each  determination  are  in  the  fol¬ 
lowing  paragraphs.  In  all  examples  mean  time  between  failures  (MTBF)  is 
used.  Other  means,  such  as  mean  miles  between  failures  (MMBF)  or  mean 
rounds  between  failures  (MRBF) ,  may  be  used  when  applicable. 

10.2.1  MEANS  AND  LIMITS 

10.2.1.1  MEANS 

10.2.1.1.1  OBJECTIVE 

To  determine  the  mean  time  between  failures. 

10.2.1.1.2  DATA  REQUIRED 

A  list  of  sample  readings;  e.g.  ,  operating  time  (primary  parameter) 
and  failures  (secondary  parameter). 

10.2.1.1.3  PROCEDURE 

a.  Sum  the  primary  parameter. 

b.  Sum  the  secondary  parameter. 

c.  Divide  step  a  by  step  b. 

10.2.1.1.4  EXAMPLE 
Given : 

Sample  data  at  Table  A-6c,  page  1-21. 

Procedure:  Example: 

a.  Sum  the  primary  parameter;  a.  Tt  * 

e.g.,  total  time  (Tt)  or  total 
miles  (Tm). 
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b.  Sum  the  secondary  parameter; 
e.g.,  total  failures  (f). 

c.  Compute: 

Tt 

MTBF  -  j- 


b.  f  -  12 

c.  MTBF  -  3752/12 

-  312.56 
■  313  hours 


”0Tr' :  In  the  event  a  test  Is  time  terminated  and  zero  failures  occurred,  a 
point  estimate  of  the  MTBF  cannot  be  determined  but  a  LCL  may  be  computed 
(see  paragraph  10.2.1.3). 


10.2.1.1.5  ANALYSIS 

The  sample  mean,  or  average,  is  a  value  which  is  typical  or 
representative  of  a  set  of  data.  The  mean  is  the  most  commonly  used 
measure  of  central  location. 


10.2.1.2  LIMITS  USING  THE  STUDENT  t  DISTRIBUTION 

10.2.1.2.1  OBJECTIVE 

To  determine  the  two-sided  and  one-sided  limits  for  the  MTBF 
using  the  t  distribution. 

10.2.1.2.2  DATA  REQUIRED 

A  list  of  sample  readings;  e.g.,  operating  time  (primary  parameter) 
and  failures  (secondary  parameter). 

10.2.1.2.3  PROCEDURE 

a.  Case  I:  UCL  and  LCL  (two-sided  limits),  also  referred 
to  as  M2  and  Mj. 

(1)  Choose  the  desired  confidence  level. 

(2)  Use  Table  B-5,  page  2-5,  t0  obtain  ti_a/  f°r  f~l  d.f. 

(3)  Compute  the  MTBF  (see  paragraph  10.2.1.1^3,  page  134). 

(4)  Compute  the  time  between  failures  for  each  consecutive 
pair  of  failures  if  the  data  have  been  recorded  as 
cumulative  time. 

(5)  Compute  s  (see  paragraph  7. 1.1. 4,  page  65). 

NOTE:  The  sample  size  is  the  number  of  failures. 

(6)  Compute  z  as  follows: 

(a)  Multiply  step  (2)  by  step  (5). 

(b)  Divide  step  (a)  by  the  square  root  of  f. 

(7)  Add  step  (6)  to  step  (3)  to  obtain  the  UCL  and  subtract 
step  (6)  from  step  (3)  to  obtain  the  LCL. 

(8)  Conclude  chat  the  population  MTBF  is  equal  to  or  less 
than  the  UCL  and  equal  to  or  greater  than  the  LCL  at  the 
desired  confidence  level. 
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b.  Case  II:  UCL  (one-sided  limit),  also  referred  to  as  M2- 

(1)  Choose  the  desired  confidence  level. 

(2)  Use  Table  B-5,  page  2-5,  to  obtain  tj_a  for  f-1  d.f. 

(3)  Compute  the  MTBF  (see  paragraph  10.2.1.1.3,  page  134). 

(4)  Compute  the  time  between  failures  for  each  consecutive 
pair  of  failures  if  the  data  have  been  recorded  as 
cumulative  time. 

(5)  Compute  s  (see  paragraph  7. 1.1. 3,  page  64). 

(6)  Compute  e  as  follows: 

(a)  Multiply  step  (2)  by  step  (5). 

(b)  Divide  step  (a)  by  the  sauare  root  of  f. 

(7)  Add  step  (6)  to  step  (3)  to  obtain  the  UCL. 

(8)  Conclude  that  the  population  MTBF  is  equal  to  or  less 
than  the  UCL  at  the  desired  confidence  level. 

c.  Case  III:  LCL  (one-sided  limit),  also  referred  to  as  Mj . 

(1)  Choose  the  desired  confidence  level. 

(2)  Use  Table  B-5,  page  2-5,  to  obtain  ti_a  for  f-1  d.f. 

(3)  Compute  the  MTBF  (see  paragraph  10.2.1.1.3,  page  134). 

(4)  Compute  the  time  between  failures  for  each  consecutive 
pair  of  failures  if  the  data  have  been  recorded  as 
cumulative  time. 

(5)  Compute  s  (see  paragraph  7. 1.1. 3,  page  64). 

NOTE:  The  sample  size  is  the  number  of  failures. 

(6)  Compute  e  as  follows: 

(a)  Multiply  step  (2)  by  step  (5). 

(b)  Divide  step  (a)  by  the  square  root  of  f. 

(7)  Subtract  step  (6)  from  step  (3)  to  obtain  the  LCL. 

(8)  Conclude  that  the  population  MTBF  is  equal  to  or 
greater  than  the  LCL  at  the  desired  confidence  level. 

10.2.1.2.4  EXAMPLE 

a.  Case  I:  UCL  and  LCL  (two-sided  limits),  also  referred  to  as 

M2  and  Mj . 

Given : 

Sample  d?ta  at  Table  A-6d ,  page  1-22. 

Procedure: 

(1)  Choose  the  confidence  level 

(  1-a  ). 


(2)  Use  Table  B-5,  page  2-5, 
to  obtain  tj_a^2  f°r  (f — 1)  d.f. 


Example : 

(1)  a  =  .10 
1-a  =*  .90 
l-a/2  -  .95 

(2)  f-1  -  5 

t. 95  for  5  d.f.  * 


-136- 


2.015 


MTP  3-1-005 
1  March  1972 


(3)  Compute  the  MTBF. 


(4)  Compute  the  time  between 
failures  for  each  consecutive 
pair  of  failures  if  the  data 
have  been  recorded  as 
cumulative  time. 

(5)  Compute: 


(6)  Compute: 


(7)  Compute: 

UCL  -  MTBF  +  e 
LCL  -  MTBF  -  f 


(3)  MTBF  -  207  hours 
See  paragraph  10.2.1.1.4, 
page  134. 

(4)  (a)  Time  to  failure  1 

•200  hours 

(b)  Time  between  failures 
2  and  1 

-  410-200 

-  210  hours 

(5) 


=*  16.80 

*  17  hours 

See  paragraph  7. 1.1. 4,  page  65. 

(6)  ^  2.015(16.80) 

_____ 

-  33.85/2.449 

*  13.82 

(7)  UCL  =  206.83  +  x3.82 

-  220.65 

*  221  hours 

LCL  «  206.83  -  13.82 
=*  193.01 

*  193  hours 


(8)  Conclude  that  the  population 
MTBF  s  UCL  and  the  population 
MTBF  a  LCL  at  a  100(1-*)% 
confidence  level. 

b.  Case  II:  UCL  (one- 
Given: 

Sample  data  at  Table 

Procedure : 

(1)  Choose  the  confidence 
level  (1-ci). 

(2)  Use  Table  B-5,  page  2-5. 
to  obtain  ti_a  for  (f - 1)  d.f. 

(3)  Compute  the  MTBF. 


(8)  Conclude  that  the  popula¬ 
tion  MTBF  a  221  hours  and  the 
population  MTBF  a  193  hours 
at  a  90%  confidence  level. 

ided  limit),  also  referred  to  as  M^ . 

A-6d,  page  1-22. 

Example : 

(1)  a  =  .10 
l-i  =  .90 

(2)  f-1  =  5 

t.')0  for  5  d.f.  »  1.476 

(3)  MTBF  =  1241/6 

=  207  hours 

See  paragraph  10.2.1.1.4, 
page  134. 
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(4)  Compute  the  time  between 
failures  for  each  consecutive 
pair  of  failures  If  the  data 
have  been  recorded  as 
cumulative  time. 


(5)  Compute: 


(6)  Compute: 

tl-ct(s) 

e'J^~ 


(7)  Compute: 

UCL  -  MTBF  +  e 

(8)  Conclude  that  the  population 
MTBF  i  UCL  at  a  100(l-a)%  confidence 
level. 


(4)  (a)  Time  to  failure  1 

■  200  hours. 

(b)  Time  between  failures 
2  and  1  -  410-200 
■  210  hours 
See  Table  A-6d,  page  1-22 
for  complete  list. 


-  16.80 


■  17  hours 

See  paragraph  7. 1.1. 4,  page  65. 

(6)  e  ^  (1.476) (16.80) 

*jr 
-  24~80 
2.449 

-  10.13 

(7)  UCL  »  207  +  10.13 

-  217.13 
*  218  hours 

(8)  Conclude  that  the  popu¬ 
lation  MTBF  s,  7!8  hours  at  a 
90 7.  confidence  level. 


c.  Case  III:  LCL  (one-sided 
Given: 

Sample  data  at  Table  A-6d 

Procedure: 

(1)  Choose  the  confidence 
level  (1-a). 

(2)  Use  Table  B-5,  page  2-5, 
to  obtain  t]_a  for  (f-1)  d.f. 

(3)  Compute  the  MTBF. 

(4)  Compute  the  time  between 
failures  for  each  consecutive 
pair  of  failures  if  the  data 
have  been  recorded  as 
cumulative  time. 


limit),  also  referred  to  as  Mj . 


,  page  1-22. 

Example: 

(1)  a  =■  .10 
l-o  -  .90 

(2)  f-1  -  5 

t.90  for  5  d.f.  *  1.476 

(3)  MTBF  =•  207  hours. 

See  paragraph  10.2.1.1.4,  page  134. 

(4)  (a)  Time  to  failure  1 

=  200  hours. 

(b)  Time  between  failures 
2  and  1 
«  410-200 
*  210  hours 
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(5) 

Compute: 

(5) 

s  -  16.80 

f\  /T2 

■  17  hours 

S  V  — 

™  f-i 

See 

paragraph  7. 1.1. 4,  page  65 

(6) 

Compute : 

(6) 

_  (1.476) (16.80) 

e  ■  ti--a(s) 

jr 

-  10.13 

(7) 

Compute: 

(7) 

LCL  -  207  -  10.13 

T  PT  m  MTTTF  —  r- 

-  196.87 

LLL  *  HI  Or  “*  £ 

■  196  hours 

(8) 

Conclude  that  the  popu- 

(8) 

Conclude  that  population 

lation  MTBF  a  LCL  at  a 

MTBF  a  196  hours  at  a  90% 

100(l-a)%  confidence  level.  confidence  level. 

10.2.1.2.5  ANALYSIS 

a.  The  two-sided  interval  surrounds  the  population  MTBF  such 
that  the  population  MTBF  £  UCL  and  the  population  MTBF  a  LCL  at  a  100(l-a)% 
confidence  level. 

b.  The  one-sided  interval  surrounds  the  population  MTBF  such 
that  the  population  MTBF  £  UCL  at  a  100(l-a)%  confidence  level. 

c.  The  one-sided  interval  surrounds  the  population  MTBF  such 
that  the  population  MTBF  a  LCL  at  a  10G(l-a)%  confidence  level.  Mj  (the 
LCL)  is  generally  considered  the  MTBF  of  the  population  since  the  population 
MTBF  will  be  at  least  M;  at  a  100(l-a)%  confidence  level.  If  comparing 

Mi  to  the  required  MTBF  produces  an  accept  decision  for  the  test  item,  then 
on  the  average  the  test  item  will  function  as  required  at  a  100(l-a)% 
confidence  level. 

d.  The  method  used  to  compute  Mi  and  M2  uses  s  to  estimate  a. 

If  the  time  between  two  failures  is  close  to  the  MTBF,  s  will  be  small; 
and  Mi  will  be  close  to  the  MTBF.  However,  if  the  times  between  failures 
are  erratic  (close  to  the  MTBF  in  some  cases  and  far  from  the  MTBF  In  other 
cases),  s  will  be  large;  and  the  interval  between  the  Mi  and  the  MTBF  will 
increase.  Since  this  method  uses  the  student  t  distribution,  f  should  be 
less  than  or  equal  to  30. 

NOTE:  The  application  of  the  student  t  assumes  that 

the  MTBF's  are  approximately  normally  distributed. 

10.2.1.3  LIMITS  USING  THE  -<2  DISTRIBUTION 

10.2.1.3.1  OBJECTIVE 

To  determine  the  two-sided  and  one-sided  limits  for  the  MTBF  using 
the  x  distribution. 
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10.2.1.3.2  DATA  REQUIRED 

A  list  of  sample  readings;  e.g. ,  operating  time  (primary  parameter) 
and  failures  (secondary  parameter). 

10.2.1.3.3  PROCEDURE 

a.  Case  I:  UCL  and  LCL  (two-sided  limits),  also  referred  to  as 

M2  and  M} . 

(1)  Choose  the  desired  confidence  level. 

(2)  Use  Table  B-20,  page  2-128,  to  obtain  for: 

(a)  f  +  1  d.f.,  if  a  time  terminated  test. 

(b)  f  d.f.,  if  a  failure  terminated  test. 

(3)  Use  Table  B-21,  page  2-129,  to  obtain  the  UFi_a^  for 
f  d.f.,  for  both  the  time  and  failure  terminated  test. 

(4)  If  the  test  is  a  time  terminated  test,  compute  the 
following: 

(a)  Multiply  step  (2) (a)  by  Tt. 

(b)  Divide  step  (a)  by  the  quantity  (f+1)  to  obtain  the 
LCL. 

(c)  Multiply  step  (3)  by  Tt. 

(d)  Divide  step  (c)  by  the  value  of  f  to  obtain  the  UCL. 

(5)  If  the  test  is  a  failure  terminated  test,  compute  the 
following: 

(a)  Multiply  step  (2)  (b)  by  Tt. 

(b)  Divide  step  (aj  by  f  to  obtain  the  LCL. 

(c)  Multiply  step  (3)  by  Tf. 

(d)  Divide  step  (c)  by  f  to  obtain  the  LCL. 

NOTE:  To  maintain  accuracy,  the  six  decimal  number 
found  in  Table  B-20,  page  2-128,  or  B-21, 
page  2-129, must  be  used. 

(6)  Conclude  that  the  population  MTBF  is  equal  to  or  between 
the  UCL  and  LCL  at  the  desired  confidence  level. 

b.  Case  II.  UCL  (one-sided  limit),  also  referred  to  as  M2 . 

(1)  Choose  the  desired  confidence  level. 

(2)  Use  Table  B-21,  page  2-129,  to  obtain  the  UFi_a  for 

f  d.f.,  for  both  the  time  and  failure  terminated  test. 

(a)  Multiply  step  (2)  by  Tf 

(b)  Divide  step  (a)  by  f. 

(3)  Compute  the  UCL  as  follows: 

NOTE:  To  maintain  accuracy,  the  six  decimal 

number  found  in  Table  B-21,  page  2-129, 
must  be  used. 

(3)  Conclude  that  the  population  MTBF  is  equal  to  or  less 
than  the  UCL  at  the  desired  confidence  level. 
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c.  Case  III.  LCL  (one-sided),  also  referred  to  as  Mj . 

(1)  Choose  Che  desired  confidence  level. 

(2)  Use  Table  B-20,  page  2-128,  to  obtain  LFj^  for: 

(a)  f+1  d.f.,  if  a  time  terminated  test. 

(b)  f  d.f.,  if  a  failure  terminated  test. 

(3)  If  a  time  terminated  test,  compute  the  LCL  as  follows: 

(a)  Multiply  step  (2) (a)  by  Tt. 

(b)  Divide  step  (a)  by  the  quantity  (f+1). 

(A)  If  a  failure  terminated  test  compute  the  LCL  as  follows: 

(a)  Multiply  step  (2 )  (b )  by  Tt. 

(b)  Divide  step  (a;  by  f. 

NOTE:  To  maintain  accuracy,  the  six  decimal 

number  found  in  Table  B-20,  page  2-128, 
must  be  used. 

(5)  Conclude  that  the  population  MTBF  is  equal  to  or  greater 
than  the  LCL  at  the  desired  confidence  level. 


10.2.1.3.4  EXAMPLE 


a.  Case  I:  UCL  and  LCL  (two-sided  limits),  also  referred  to 
as  M2  and  Mj . 

Given: 

Sample  data  at  Table  A-6c,  page  1-21. 


Frocedure: 

(1)  Choose  the  confidence  level 
(1-a) . 

(2)  Use  Table  B-20,  page  2-128, 
to  obtain  LFi_a^2  for: 

(a)  f+1  d.f.,  if  a  time 
terminated  teat. 

(b)  f  d.f.,  if  a  failure 
terminated  test. 


Example : 

(1)  a  -  .05 
1-a  -  .95 

(2)  LF  975  for  13  d.f.  -  .620525 


(3)  Use  Table  B-21,  page  2-129, 
to  obtain  UFi_a^2  for  f  d.f. 


(4)  Compute  for  a  time 
terminated  test : 


LCL 

UCL 


(LF i-a/2 ) (Tt) 

F+r  ' 

(UFi_a/2)(Tt) 

- 


(3)  UF.975  for  12  d.f.  =  1.935484 


(4)  Since  the  test  is  time 
terminated , 


LCL 


(.6205926) (3752) 
(12+1) 
179.095926 


*  179  hours 

nrT  ,  (1.935484)(3752) 
12 

=*  605.161330 
-  606 
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(5)  Compute  for  a  failure 
terminated  test: 

(LFi_a/2)(Tt) 


LCL  - 


UCL  - 


f 

<UFl-a/2>CTt> 


(f )  Conclude  that  the  population 
MTBF  i  UCL  and  the  population  MTBF 
i  LCL  at  a  100(l-a)%  confidence 
level. 


(6)  Conclude  that  the  population 
MTBF  £  hours  and  the  popula¬ 
tion  MTBF  i  179  hours  at  a  95% 
confidence  level. 


b.  Case  II.  UCL  (one-sided  limit),  also  referred  to  as  M2. 
Given: 

Sample  data  at  Table  A-6c,  page  1-21. 


Procedure: 


thfe  ‘confidence . 

level  (1-a), 

(2)  Use  Table  B-21,  page  2-129, 
to  obtain  the  UFj_a  for  f  d.f., 
for  both  a  time  and  failure 
terminated  test. 

(3)  Compute 


Example : 

(1)  a  >•  .05 
1-a  -  .95 

(2)  UF.95  for  12  d.f. 


1.739130 


(3) 


UCL  .  (UFl V  (Tt) 


UF 


.95 


(1.739130X3752) 


(4)  Conclude  that  the  population 
MTBF  *  UCL  at  a  100(l-a)%  confi¬ 
dence  level. 


(4) 


12 

543.767980 
543 

Conclude  that  the  population 


MTBF  <■  543  hours  at  a  95%  confi¬ 
dence  level. 


Case  III:  LCL  (one-sided  limit),  also  referred  to  as  Mj . 
Given: 

Sample  data  at  Table  A-6c,  page  i_2i. 
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Procedure: 

(1)  Choose  the  confidence 
level  (1-a) . 

(2)  Use  Table  B-20,  page  2-128, 
to  obtain  LFi_a  for: 

(a)  f+1  d . f . ,  if  time 
terminated. 

(b)  f  d.f . ,  if  failure 
terminated. 


(3)  Compute  for  a  time 
terminated  test: 


LCL  - 


(LF^aXTt) 

(f+1) 


(A)  Compute  for  a  failure 
terminated  test: 

(LFi_a)(Tt) 


(a)  Conclude  that  the 
population  MTBF  2  LCL  at  a 
100(l-a)%  confidence  level. 


MTP  3-1-00S 
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Example : 

(1)  a  -  .05 
1-a  ■  .95 

(2)  LF  .95  for  13  d.f.  -  .668380 


(3)  Since  the  test  is  time 
terminated , 

_  (.668380X3752) 

12+1 

-  192.907836 

■  192  hours 

(5)  Conclude  that  the  popula¬ 
tion  MTBF  2  192  hours  at  a  95 7. 
confidence  level. 

NOTE:  Although  the  confi¬ 
dence  level  is  numeri¬ 
cally  the  same  for  all 
three  cases,  M]  and  M2 
different  values  (see 
Figure  15). 


10.2.1.3.5  ANALYSIS 

a.  The  two-sided  interval  surrounds  the  population  MTBF  such 
that  the  population  MTBF  £  UCL  and  the  population  MTBF  *  LCL  at  a  100(l-a)% 
confidence  level. 

b.  The  one-sided  interval  surrounds  the  population  MTBF  such 
that  the  population  MTBF  £  UCL  at  a  100(l-a)%  confidence  level. 

c.  The  one-sided  interval  surrounds  the  population  MTBF  such 
that  the  population  MTBF  *  LCL  at  a  100(l-a)%  confidence  level.  M]  (the  LCL) 
is  generally  considered  the  MTBF  of  the  population  since  the  population  MTBF 
will  be  at  least  M;  at  a  100(l-a)%  confidence  level.  If  comparing  Mj  to  the 
required  MTBF  produces  an  accept  decision  for  the  test  item,  then  on  the 
average  the  test  item  will  function  as  required  at  a  100(l~a)%  confidence 
level . 

d.  The  method  used  to  compute  Mj  and  Mj  is  dependent  upon  the 
type  of  test  conducted;  i.e.,  time  terminated  or  failure  terminated.  The 
time  terminated  test  produces  a  more  conservative  estimate  for  the  LCL  of 
the  population  MTBF  since  a  safety  factor  of  one  is  added  to  the  number 
of  failures  which  occurred. 
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COMPARISON  OF  LIMITS 


A 


S 


Paroi»i«»«r 


C 

Figure  15 
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10.2.2  APPLICATION  OF  THE  EXPONENTIAL  DISTRIBUTION 

10.2.2.1  OBJECTIVE 

To  determine  the  reliability  for  those  items  which  demonstrate 
an  exponential  lifetime  to  failure. 

10.2.2.2  DATA  REQUIRED 

The  mission  (operational)  profile  (MP) ,  Tf,  and  f. 

10.2.2.3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Compute  the  MTBF  (see  paragraph  10.2.1.3,  page  134). 

c.  Use  Table  B-20,  page  2-128,  to  obtain  the  LFj_a  for: 

(1)  f+1  d.f.,  if  a  time  terminated  test. 

(2)  F  d.f.,  if  a  failure  terminated  test 

d.  Compute  the  LCL  as  follows: 

(1)  For  a  time  terminated  test,  multiply  step  c  by  T  and 
divide  by  the  quantity  (f+1). 

(2;  For  a  failure  terminated  test,  multiply  step  b  by  step  c. 

NOTE:  To  maintain  accuracy,  the  six  decimal  number 
found  in  Table  B-20,  page  2-128. 

e.  Compute  R  as  follows: 

(1)  Divide  MP  by  step  d. 

(2)  Use  Table  B-22,  page  2-130,  t0  obtain  e  raised  to 
the  negative  power  of  step  (1). 

f.  Conclude  that  p  is  equal  to  or  greater  than  R  at  the  desired 
confidence  level. 

g.  If  R  is  equal  to  or  greater  than  p0,  decide  that  p  is  equal 
to  or  greater  than  pQ;  otherwise,  there  is  no  reason  to  believe  p  is  equal  to 
or  greater  than  p0  at  the  desired  confidence  level. 

10.2.2.4  EXAMPLE. 

Given: 

PQ  -  .75 

Sample  data  at  Table  A-6c,  page  1-21. 
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Procedure :  Example : 

a.  Choose  Che  confidence  a.  a  ■  .05 

level  (1-a).  1-  a*. 95 

b.  MTBF  - 

-  312.67 

-  313 

c.  Use  Table  B-20,  Page  2-128,  c.  LF  for  13  d.f.  -  .668380 

to  obtain  LF,  for: 

1-a 

(1)  f »1  d.f..  If  a  time  terminated 
test. 

(2)  f  d.f.,  if  a  failure 
terminated  test. 


b.  Compute: 

MTBF  -  ^t 
f 


g.  If  R  >  po  ,  decide  that  g.  Since  .77  75,  decide  that 

p  po  ;  otherwise,  there  is  no  p  >_  .75  at  a  95%  confidence 

reason  to  believe  p  >_  po  at  a  level. 

100  (1-  a  )%  confidence  level. 
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10.2.2.5  ANALYSIS 

The  reliability  at  a  100(l-ct)Z  confidence  level  is  computed 
using  the  LCL  of  the  MTBF.  If  R  a  p0,  the  null  hypothesis  that  p  a  p0  is 
accepted;  otherwise,  there  is  no  reason  to  believe  p  i  Oo  at  a  100(l-a)% 
confidence  level. 

10.2.3  SEQUENTIAL  ANALYSIS 

a.  When  testing  an  hypothesis  using  the  sequential  method, 

the  project  officer  is  able  to  make  one  of  the  following  three  decisions 

at  any  stage  of  testing: 

(1)  Accept  the  hypothesis. 

(2)  Reject  the  hypothesis. 

(3)  Continue  the  experiment  by  collecting  additional  data. 

b.  Usually  a  p0  of  .95  with  a  high  degree  of  assurance  is 
required.  In  order  to  achieve  assurance  of  such  a  high  p0,  the  project 
officer  would  have  to  conduct  excessive  testing;  e.g.,  many  thousands 
of  miles,  hours,  or  rounds.  This  may  be  impractical;  however,  using 
the  following  statistical  approach,  the  project  officer  will  achieve  the 
predetermined  confidence  level  for  reaching  the  accept  decision. 

c.  If  certain  criteria  are  set  up  graphically,  a  decision  can 
be  made  to  accept,  reject,  or  continue  testing  the  test  item  at  any  time. 
This  graph  uses  three  areas  to  represent  the  decisions  to  accept,  reject, 
or  continue  testing  the  test  item.  The  accept  region  is  above  a  boundary 
line  determined  by  the  addition  of  an  amount  of  doubt  (D)  to  p0  and  the 
confidence  levels  for  rejection  and  acceptance.  The  continue  testing 
area  is  below  the  accept  boundary  line  and  above  the  reject  boundary  line. 
The  size  of  this  area,  which  is  an  area  of  doubt  for  the  test  item,  Js 
determined  by  the  project  officer  (see  paragraph  4.14,  page  14).  TL  area 
of  doubt  is  designed  for  a  test  item  which  may  be  good  but  has  gotten  off 
to  a  slow  start.  In  this  case,  a  longer  period  of  time  will  be  required 
to  satisfy  the  doubts  concerning  acceptability  of  the  test  item.  The 
reject  boundary  line  is  determined  by  o0  and  the  confidence  levels  for 
rejection  and  acceptance.  The  area  below  this  boundary  line  is  the  area 
of  rejection.  A  graph  of  this  type  is  illustrated  at  Figure  16.  Failures 
are  plotted  on  the  horizontal  axis  with  each  increment  representing  one 
failure  and  hours  are  plotted  on  the  vertical  axis. 

d.  The  construction  of  the  two  boundary  lines  is  described 
in  the  procedure  paragraph  below. 

10.2.3.1  OBJECTIVE 

To  determine  whether  p  is  equal  to  or  greater  than  p0  at  the 
desired  confidence  level. 

10.2.3.2  DATA  REQUIRED 

The  MP  and  Tt. 

10.2.3.3  PROCEDURE 

a.  Construct  the  boundary  lines  as  follows: 
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SEQUENTIAL  TEST:  CONTINUOUS  TEST 
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(1)  Choose  a  and  8,  the  probabilities  of  making  Type  I  and 
Type  II  errors  respectively. 

(2)  Determine  the  upper  limit  (Ry) ,  which  is  the  sum  of  p0 
and  the  amount  of  doubt  (Ry  -  p0  +  D). 

(3)  Use  Table  B-19,  page  2-127,  to  obtain  a  and  b  for 
a  and  8. 

(4)  Compute  the  required  MTBF  as  follows: 

(a)  Find  the  natural  logarithm  of  step  (2). 

(b)  Divide  the  negative  of  the  MP  by  step  (a). 

(5)  Compute  the  mean  time  between  failures  for  continued 
testing  (MTBFt)  as  follows: 

(a)  Find  the  natural  logarithm  of  p0. 

(b)  Divide  the  negative  of  the  MP  by  step  (a). 

(6)  Divide  1  by  step  (4)  to  obtain  the  failure  rate  (fr). 

(7)  Divide  1  by  step  (5)  to  obtain  the  failure  rate  to 
continue  testing  (f rt ) . 

(8)  Subtract  step  (6)  from  step  (7)  to  obtain  U,  an 
intermediate  value. 

(9)  Compute  V,  an  intermediate  value,  as  follows: 

(a)  Divide  step  (4)  by  step  (5). 

(b)  Find  the  natural  logarithm  of  step  (a). 

(c)  Divide  step  (b)  by  step  (8). 

(10)  Determine  the  accept  boundary  line  as  follows: 

(a)  Divide  the  value  a  in  step  (3)  by  step  (8). 

(b)  Multiply  step  (9)  by  f. 

(c)  Add  step  (a)  to  step  (b)  to  determine  the  minimum 
hours  to  test  in  order  to  make  an  accept  decision 

(tACCEPT  *  ^  + 

(d)  Choose  two  values  for  f  and  substitute  them  into 
the  above  equation  to  determine  two  points  on  the 
accept  boundary  line. 

NOTE:  Use  f  »  0  and  f  *  some  large  value; 
such  as,  4,  6,  or  10. 

(e)  Draw  the  accept  boundary  line  using  the  two  points 
determined  from  step  (d). 

(11)  Determine  the  reject  boundary  line  as  follows: 

(a)  Divide  the  value  b  in  step  (3)  by  step  (8). 

(b)  Multiply  step  (9)  by  f. 

(c)  Add  step  (a)  to  step  (b)  to  determine  the  maximum 
hours  to  test  in  order  to  make  a  reject  decision 

(TREJECT  ”  —  +  V(f)). 

U 

(d)  Choose  two  values  for  f  and  substitute  them  into 
the  above  equation  to  determine  two  points  on  the 
reject  boundary  line. 
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(e)  Draw  Che  reject  boundary  line  using  Che  two  points 
determined  from  step  (d). 

(12)  If  the  two  lines  are  not  parallel,  check  the  computations 
and  plotted  points. 

b.  Plot  the  sample  data  on  the  sequential  graph  as  follows: 

(1)  Plot  the  cumulative  operating  hours  at  appropriate 
interval. 

(2)  After  plotting  each  point,  decide  whether  to  accept, 
reject,  or  continue  testing  the  test  item. 

NOTE:  An  accept  decision  may  be  made  before  another 
failure  occurs  in  the  event  that  the  number  of 
operating  hours  increases  sufficiently  after 
the  last  failure  to  cross  the  accept  boundary 
line . 


10.2.3.4  EXAMPLE 


a.  Construct  the  boundary  lines  as  follows: 

Given: 

Po  *  *75 
MP  *  50  hours 


Procedure: 


Example : 


(1)  Choose  a  and  0. 

(2)  %  *  P0  +  D 

(3)  Use  Table  B-19, 
page  2-127,  to  obtain  a 
and  b  for  a  and  0. 

(4)  Compute: 

MTBF  - 

In  Ru 


(5)  Compute: 


MTBFt 


-MP 
In  p0 


(1)  a  -  .05 
1-a  *  .95 
0  -  .20 
1-0  -  .80 


(2)  Ry  *  .75  +  .05 
-  .80 


(3)  a  -  2.773 
b  -  -1.558 


(4)  MTBF  -  — P:000 

In  .800 

-50.000 

-0.22314 

-  224.07 

(5)  MTBFt  31  ~50'°00 

C  In  .750 

_  -50.000 
’  -0.28768 

-  173.80 
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(6)  Compute 
f_  ■ 


_ 1_ 

MTBF 


(7)  Compute: 


rt 


MTBF, 


(6) 


*r  ' 


224.07 
-  .0044629 


(7) 


rt 


173.80 
-  .0057536 


(8) 

Compute : 

(8) 

U  -  .0057536  -  .0044629 

U  -  f 

rt 

-  fr 

-  .0012908 

(9) 

Compute: 

WBP  ) 

(9) 

In  f224  0/\ 

\ 173.80/ 

In  1 

MTBF  1 

V  -  _ 

.0012908 

In  1.29 


.0012908 
. 25404 

m  _ 

.0012908 
-  196.81 


(10)  Compute: 


TACCEPT 


£  +  V  (f ) 

u 


(11)  Compute: 

T  m  —  +  v  (£ ) 

REJECT  U  K  ' 


(12)  If  the  two  lines  are  not 
parallel,  check  the  computations 
and  plotted  points 


(10) 

ACCEPT 


2.773 

.0012908 


196.81(f) 


-  2148. 2+196. 81(f) 
“h®"  f  “  °’  TACCEPT  '  2150 

When  f  ”  7’  taccept  a  3530 


Plot  the  points  (0,2150)  and 
(7 ,3530)  to  determine  the  accept 
boundary  line. 


(11) 


TREJECT 


-1.553 

-  +  196.81(f) 

.0012908 


When  f  » 

When  f  = 

Plot  the 

(7,170) 

boundary 


-  -1207+196. 81(f) 


0,  T 

’  REJECT 


-1207 


7’  treject  *  170 

points  (0,-1207)  and 
to  determine  the  reject 
line. 


(12) 
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b.  Plot  the  sample  data  on  the  sequential  graph  as  follows: 
Given : 


Requirements  and  boundary  lines  from  step  a. 
Sample  data  at  Table  A-6e,  page  1-22. 


Procedure: 

(1)  Plot  the  cumulative  operating 
hours  at  appropriate  intervals 
<fi,  T±). 

(2)  After  plotting  each  point, 
decide  to  accept,  reject,  or 
continue  testing  the  test  item. 


Example: 

(1)  (a)  (1,175) 

(b)  (2,490) 

See  Table  A-6e,  page  1-22 
for  complete  list. 

(2)  For  failures  1  through  4, 
decide  to  continue  testing. 
Decide  to  accept  the  test  item 
when  T  -  3137  hours  and 

f  ■  5  since  the  accept  boundary 
line  is  crossed.  See  Table  A-6f, 
page  1-23. 


10.2.3.5  ANALYSIS 

a.  The  sequential  method  generally  minimizes  testing  time  and 
N  due  to  the  fact  that  a  decision  to  accept  or  reject  is  made  as  soon  as 
possible  after  the  first  failure.  Since  all  failures  are  not  necessarily 
chargeable  failures,  decisions  will  be  altered  if  certain  failures  are 
not  counted.  If  the  project  officer  Ignores  a  failure,  the  probability 

of  accepting  an  unacceptable  item  is  increased.  Therefore,  the  project 
officer  must  carefully  decide  what  constitutes  a  failure  (see  paragraph 
4.2,  page  2). 

b.  Due  to  the  advantages  just  discussed,  the  sequential  metnod 
should  be  used  whenever  possible  (see  paragraph  10.2c,  page  134). 

10.3  COMBINED  RELIABILITY 

If  a  number  of  components  of  a  system  are  connected  in  such 
a  way  that  the  failure  of  any  one  component  causes  a  failure  of  the  system, 
then  these  components  are  considered  to  be  functionally  in  series.  The 
reliability  of  such  a  system  can  be  determined  by  the  following  method. 

10.3.1  OBJECTIVE 

a.  Case  I:  To  determine  the  reliability  of  a  system  based  on 
the  individual  reliabilities  of  its  components. 

b.  Case  II:  To  determine  tha  reliability  of  an  individual 
component  of  a  system. 


10.3.2 


DATA  REQUIRED 

a.  Case  I:  N  and  f  for  each  component. 

b.  Case  II:  N  and  f  for  the  component  tested. 


OTP  3-1-005 
1  March  1972 


10.3.3  PROCEDURE 

a.  Case  I:  Reliability  of  Independent  serial  systems. 

(1)  Choose  the  desired  confidence  level. 

(2)  Compute  the  point  estimate  reliability  (Rpg)  as  follows: 

(a)  Subtract  f  from  N  for  each  component. 

(b)  Divide  step  (a)  by  N  for  each  respective  component. 

(c)  Multiply  the  results  of  step  (b)  by  each  other. 

(3)  Compute  the  system  failures  (fg)  as  follows: 

(a)  Subtract  step  (2)  from  1. 

(b)  Multiply  step  (a)  by  the  minimum  N  of  the  components. 

(4)  Co  ite  the  LCL  using  Case  II  of  paragraph  10.1.1.4, 
page  122. 

NOTE:  When  using  fg  to  determine  d.f.j  and  d.f.2> 
round  off  the  results. 

(5)  Conclude  that  the  p  for  the  system  is  the  LCL  at  the 
desired  confidence  level. 

b.  Case  II:  Reliability  of  a  component. 

See  Case  111  of  paragraph  10.2.2.3,  page  144. 


10.3.4  EXAMPLE 


a.  Case  I:  Reliability  of  independent  serial  systems. 
Given: 

Sample  data  at  Table  A-6g,  page  1-24. 


Procedure: 

(1)  Choose  the  confidence 
level  (1-a) . 


(2)  Compute: 


rpe  -TT 


Vfi 


(3) 


Compute: 

^s  ”  Rmin^~RPE^ 


Example : 

(1)  a  -  .10 
1-a  -  .90 


-  (.9778) (.9556) (.9778) 
(.9333) 

-  (.9344) (.9126) 

-  .8527 

(3)  fg  -  45(1-. 8527) 

-  45(.1473) 

-  6.628 
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(4)  Compute: 

d.fM  -  2(fs)+2 

d.f.2  -  2(Nmln)-2(fs) 


See  paragraph  10.1.1.4,  Case 
II,  page  122,  for  details. 
NOTE:  N  is  the  minimum  N  of 
the  components  and  f 


(4)  d.ftl  -  2(6.628)+2 

-  13.256+2 

-  15.256 

-  15 

d.f.2  -  2(45)-2(6.628) 

-  90-13.256 

-  76.744 

-  76 

NOTE:  Use  15  and  70  in  F 
tables. 

LCL  - 


1 


l+(. 1988) (1.58) 


*  T7314T 


-  .7610 
■  .76 

(5)  Conclude  that  the  p  for  (5)  Conclude  that  the  p 

the  system  is  the  LCL  at  a  for  the  system  is  .76  at  a 

100(J-a)%  confidence  level.  90%  confidence  level. 

b.  Case  II:  Reliability  of  a  component. 

See  Case  II  (3)  of  paragraph  10.1.1.4,  page  122. 

10.3.5  ANALYSIS 

a.  Case  I.  The  point  estimate  (achieved)  reliability  of 
an  independent  serial  system  is  determined  by  multiplying  together  the  point 
estimate  reliability  of  the  components.  The  number  of  system  failures  is 
determined  by  multiplying  the  minimum  sample  size  of  the  components  by  the 
quantity  (l-RpE) .  The  R  of  the  system  is  then  determined  as  a  LCL  (see 
paragraph  10.1.1.4,  Case  II,  page  122).  The  project  officer  will  compare 
this  R  to  p0  to  determine  whether  p  *  p0  at  a  100(l-a)%  confidence  level. 

b.  Case  II.  R  at  a  100(l-a)%  confidence  level  is  computed  as  a 
LCL.  The  project  officer  will  compare  this  R  to  p0  to  determine  whether 
c  i  p0  at  a  100(l-ct)%  confidence  level. 

11.  MAINTENANCE  EVALUATION 

11.1  MAINTENANCE  RATIO 
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11.1.1  OBJECTIVE 

To  determine  the  maintenance  ratio  (MR)  for  the  test  Item. 

11.1.2  DATA  REQUIRED 

Records  of  active  maintenance  manhours  and  Tt. 

11.1.3  PROCEDURE 

a.  Sum  the  active  maintenance  manhours  to  obtain  the  total 
maintenance  manhours  (TM) . 

b.  Sum  the  hours  of  operation  to  obtain  Tt. 

c.  Divide  TM  by  Tf 

11.1.4  EXAMPLE 
Given: 

Sample  data  at  Table  A-7b,  page  1-26. 

Procedure:  Example: 


Procedure: 

a.  Compute: 

TM  *  I  active  maintenance 
manhours. 

b.  Compute: 

Tt  -  I  operating  time. 

c.  Compute: 

MR  *  — 


11.1.5  ANALYSIS 


a.  TM  **  9.25  manhours 


b.  Tt  •  109.75  hours 


c.  MR 


109.75 

.084282 

.0842  manhours  per  hour 


The  MR  indicates  the  amount  of  active  maintenance  manhours 
required  per  operating  hour  for  the  test  item. 

11.2  MAINTAINABILITY 

11.2.1  OBJECTIVE 


To  determine  the  maintainability  (M)  . 


11.2.2  DATA  REQUIRED 


a.  Active  maintenance  time  (AMT) ,  the  number  of  maintenance 
actions  (MA)  ,  the  required  maintenance  action  time  (w) . 

b.  Time  to  repair  (RT) ,  w,  and  f. 

11.2.3  PROCEDURE 

a.  Case  I:  Maintainability,  based  on  all  MA's. 

(1 )  Sum  the  AMT's  (EAMT) . 

(2)  Divide  step  (1)  by  MA  to  obtain  the  mean  active 
maintenance  time  (M) . 
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(3)  Determine  the  maintenance  action  rate  (AR)  by  dividing 
1  by  step  (2). 

(4)  Compute  M  as  follows: 

(a)  Multiply  step  (3)  by  w. 

(b)  Raise  the  exponential  (e)  to  the  negative  power 
of  step  (a)  (see  Table  *1—22 ,  page  2-130). 

(c)  Subtract  step  (b)  from  1. 

(5)  Conclude  that  the  M  is  the  probability  of  completing 
an  MA  of  the  population  within  prescribed  limits  based 
on  the  sample. 

b.  Case  II:  Maintainability,  based  only  on  failures. 

(1)  Compute  Y,  an  intermediate  value,  as  follows: 

(a)  If  f  is  equal  to  or  less  than  3,  compute: 

_1.  Use  Table  B-22,  page  2-130  to  obtain  e 
raised  to  the  negative  power  of  f. 

2.  Subtract  step  1  from  1. 

(b)  If  f  is  greater  than  3,  set  Y  equal  to  1. 

(2)  Sum  the  repair  time  (IRT). 

(3)  Divide  step  (a)  »y  f  to  obtain  the  mean  time  to 
repair  (MTTR). 

(4)  Divide  1  by  step  (3)  tc  obtain  the  repair  rate  (RR) . 

(5)  Compute  U,  an  intermediate  value,  as  follows: 

(a)  Multiply  step  (4)  by  w. 

(b)  Use  Table  B-22,  page  2-130,  to  obtain  e  raised 
to  the  negative  power  of  step  (a) . 

(c)  Subtract  step  (b)  from  1. 

(6)  Multiply  step  (1)  by  step  (5)  to  obtain  M. 

(7)  Conclude  that  the  M  is  the  probability  of  completing 

a  failure  within  prescribed  limits  based  on  the  sample. 


11.2.4 


EXAMPLE 


a.  Case  I:  Maintainability,  based  on  all  MA's. 
Given: 
in  *  .5  hour 
MA  -  22 


Sample  data  at  Table  A-7a,  page  1-25. 

Procedure: 

Example: 

(1) 

Compute: 

(1) 

EAMT  ••  16.9  hours 

IAMT 

M-  16-9 

22 

(2) 

Compute : 

(2) 

MA 
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(6)  Compute: 

M  -  Y(U) 

(7)  Conclude  that  the  M 
is  the  probability  of 
completing  a  failure  within 
prescribed  limits  based  on 
the  sample. 


(6)  M  -  (1)  (.41) 

-  .41 

(7)  Conclude  that  .41  is 
the  probability  of  completing 
a  failure  in  .5  hour  or  less 
based  on  the  sample. 


11.2.5  ANALYSIS 

Maintainability  is  a  characteristic  of  design  and  installation 
which  is  expressed  as  the  probability  than  an  item  will  be  retained  in  or 
restored  to  a  specified  condition  within  a  given  period  cf  time,  when  the 
maintenance  is  performed  in  accordance  with  prescribed  procedures  and 
resources.  The  maintainability  increases  exponentially  with  time  for  a 
given  maintenance  action  rate.  The  greater  the  time  available  to  perform 
a  MA,  the  greater  will  be  the  probability  of  successfully  performing  the 
maintenance  action. 

11.3  AVAILABILITY 

Availability  is  a  measure  of  the  degree  to  which  an  item  is 
in  the  operable  and  commlttable  state  when  the  mission  is  called  for  at 
an  unknown  (random)  point  in  time.  Availability  actually  consists  of  two 
components:  maintainability  and  reliability.  Poor  reliability  can  be 
offset  by  correspondingly  improved  maintainability.  For  test  purposes 
availability  is  broken  down  into  three  types  which  are  discussed  in  the 
following  paragraphs. 

11.3.1  INHERENT  AVAILABILITY 

11.3.1.1  OBJECTIVE 

To  determine  the  inherent  availability  (A^)  of  the  test  item 
as  an  estimate  of  the  population  availability. 

11.3.1.2  DATA  REQUIRED 
Tt,  f,  and  RT's. 

11.3.1.3  PROCEDURE 

a.  Compute  MTBF  (see  paragraph  10.2.1.1.3,  page  134). 

b.  Compute  the  mean  time  to  repair  (MTTR)  as  follows: 

(1)  Sum  the  RT's  (IRT). 

(2)  Divide  step  (1)  by  f. 

c.  Compute  A^  as  follows: 

(1)  Add  step  a  to  step  b. 

(2)  Divide  step  a  by  step  (1). 

d.  Conclude  that  the  inherent  availability  of  the  sample  is 


100(AX)%. 
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11.3.1.4  EXAMPLE 
Given: 

Sample  data  at  Table  A-7b,  page  1-25. 


Procedure:  Example: 


a. 

Compute: 

Tt 

MTBF  -  — 

a. 

MTBF 

-  1G9.8/3 
*  36.600  hours 

b. 

Compute: 

b. 

MTTR 

-  4.8/3 

MTTR  -  — 
f 

■  1.600  hours  per 
failure 

c. 

Compute: 

c. 

A,  ■ 

36.600 

A  -  MTBF 

1  MTBF+MTTR 

i 

a 

36. 600+ 1.600 

36.600 

38.200 

- 

.95811 

- 

.958 

d. 

Conclude  that  the  inherent 

d. 

Conclude  that  the  inherent 

availability  Of  the  sample  is  availability  of  the  sample  is 

100(Ai)%.  95.8%. 


11.3.1.5  ANALYSIS 

Af  is  the  probability  that  a  system  or  equipment,  when  used 
under  stated  conditions  without  consideration  for  any  scheduled  or  pre¬ 
ventive  maintenance  in  an  ideal  support  environment;  i.e.,  when  all  tools, 
parts,  manpower,  and  manuals  are  available,  will  operate  satisfactorily 
at  any  given  time.  Aj  excludes  ready  time,  preventive  maintenance 
downtime  ,  supply  downtime,  and  waiting  or  administrative  downtime.  A*  is  a 
prediction  of  the  population  inherent  availability. 


11.3.2 

ACHIEVED  AVAILABILITY 

i 

11.3.2.1 

OBJECTIVE 

To  determine  the  achieved  availability 

(Aa)  of  the  test  item. 

11.3.2.2 

DATA  REQUIRED 

Tj-,  MA ,  and  AMT  • 

11.3.2.3 

PROCEDURE 

(KIBM) 

a.  Divide  Tt  by  MA  to  obtain  the  mean 

b.  Compute  M  as  follows: 

time  between  maintenance 

(1)  Sum  the  AMT's. 

(2)  Divide  step  (1)  by  MA. 
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c.  Compute  Aa  as  follows: 

(1)  Add  step  a  and  step  b. 

(2)  Divide  step  a  by  step  (1). 

d.  Conclude  that  the  achieved  availability  of  the  sample 


is  100(Aa)Z. 

11.3.2.4  EXAMPLE 
Given: 

Sample  data  at  Table  A-7b 

Procedure : 

a.  Compute: 

Tt 

MTBM  -  — 

MA 

b.  Compute: 

h- 

MA 

c.  Compute: 

.  MTBM 

Aa  " - - 

KTBM+M 


d.  Conclude  chat  the  achieved 
availability  of  the  sample  is 
100(Aa)Z. 


page  1-26. 

Example: 

a.  MTBM  -  109.8/7 

-  15.686 

*  15.7  hr.  per  MA 

b.  TT  -  6.8/7 

-  .971 

■  .97  Active  maint¬ 
enance  time  per  MA 

15.686 

c.  Aa  -  _ 

15. 686+. 971 

_  15.686 
”  16.657 

-  .941706 

-  .94 

d.  Conclude  that  the  achieved 
availability  of  the  sample  is  94X 


11.3.2.5  ANALYSIS 

Aa  is  the  probability  that  a  system  or  equipment,  when  used 
under  stated  conditions  in  an  ideal  support  environment,  will  operate 
satisfactorily  at  any  given  time.  Aa  is  the  sample's  achieved  availability 
and  excludes  supply  downtime  and  waiting  or  administrative  downtime. 

11.3.3  OPERATIONAL  AVAILABILITY 

11.3.3.1  OBJECTIVE 

To  determine  the  operational  availability  (A c)  of  the  test  item. 

11.3.3.2  DATA  REQUIRED 

Tc,  MA,  AMT,  and  delay  time  (supply  and  administrative  downtime) 
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11.3.3.3  PROCEDURE 

a.  Compute  MTBM  (see  paragraph  11.3.2.3,  page  158). 

b.  Sum  the  AKI’s  and  the  delay  time. 

c.  Divide  step  b  by  MA  to  obtain  the  mean  downtime  (MDT). 

d.  Compute  A0  as  follows: 

(1)  Add  step  a  and  step  c. 

(2)  Divide  step  a  by  step  (1). 

e.  Conclude  that  the  operational  availability  of  the  sample 
in  a  test  support  environment  is  100(Ao)Z. 


11.3.3.4  EXAMPLE 
Given: 

Sample  data  at  Table  A- 7b,  page  1-26. 


Procedure: 

a.  Compute: 


MTBM  -  — 
MA 


b.  Compute: 

ZAKT 

l  delay  time 

c.  Compute: 


MDT 


EAMT+I  delay  time 
MA 


d.  Compute: 

MTBM 

A°  "  MTBK+MDT 


e.  Conclude  that  the  operational 
availability  of  the  sample  in  a 
test  support  environment  is 
100 (Aq)%. 


Example: 

a.  MTBM  -  109.8/7 

-  15.686 

■  15.7  hrs.  per  MA 

b.  IAMT  -  6.8 

l  delay  time  ■  8.8 

c-  mdt  -  6‘8  +  8‘8 

-  15-6 
7 

-  2.228 

■  2.23  hrs.  per  down 
,  15.686 

d'  A°  ’  15.686+2.228 

_  15.686 
17.914 

-  .875628 

-  .876 

e.  Conclude  that  the  operational 
availability  of  the  sample  in  a 
test  support  environment  is  87Z. 
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11.3.3.5  ANALYSIS 

Aq  Is  the  probability  that  a  system  or  equipment,  when  used 
under  stated  conditions  in  a  real  support  environment,  will  operate 
satisfactorily  at  any  given  time.  A0  includes  ready  time,  maintenance 
downtime,  preventive  maintenance  downtime,  supply  downtime,  and  waiting 
or  administrative  downtime. 
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Bivariate  formal  distribution  raw  data 


READING  NUMBER  EASTING 


1 

2500 

2 

2601 

3 

2575 

4 

2581 

5 

2560 

6 

2590 

7 

2565 

8 

2575 

9 

2560 

10 

2580 

11 

2576 

12 

2553 

13 

2550 

14 

2570 

15 

2549 

NORTHING 

3218 

3305 

3279 
3221 
3250 
3261 

3249 

3250 
3239 

3251 
3270 
3251 

3280 
3245 
3278 


TABLE.  A-lb 

BIVARIATE  NORMAL  DISTRIBUTION  GROUPED  DATA 


on 

On 

On 

On 

o> 

On 

— H 

r-i 

m 

On 

in 

in 

m 

in 

'•O 

in 

cm 

1 

<N 

f 

eg 

CM 

CM 

CM 

< 

UJ 

O 

o 

m 

O 

CM 

in 

1 

O 

vj- 

in 

1 

O 

vO 

in 

r 

o 

00 

in 

1 

o 

o 

n 

cm 

CM 

CM 

CM 

CM 

CM 

NORTH 

3300-3319 

3280-2399 

3260-3279  2  2  I 

3240-3259  1  4  x 

3220-3239  1  i 

3200-3219  1 

TOTAL  10  373 


TOTAL 

1 

0 

5 

6 
2 
1 
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TABLE  A- 2a 
MEAN 


TEST: 


Prepare  for  action  under  daylight  condition. 


TIME 

(minutes) 


A 

a£ 

89.3 

2.883 

8.312 

90.4 

3.983 

15.864 

86.0 

-.417 

.174 

83.6 

-2.817 

7.936 

84.4 

-2.017 

4.068 

86.1 

-.317 

.100 

86.0 

-.417 

.174 

88.0 

1.583 

2.506 

86.7 

.283 

.080 

87.4 

.983 

.966 

86.1 

-.317 

.100 

83.0 

-3.417 

11.676 

N  -  12 

X  =  86.417 
*  86.4  min. 
IA2  -  51.9567 
s2  -  4.723 
s  *  2.173 
=  2.2  min. 
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TABLE  A- 2b 

COMPARING  TWO  MEANS  (TYPE  A:  Test  Item) 


ROUND  NUMBER 

RANGE 

(meters) 

^A 

1 

5440 

38.60 

1489.96 

2 

5379 

-22.40 

501.76 

3 

5402 

.60 

.36 

4 

5400 

-1.40 

1.96 

5 

5400 

-1.40 

1.96 

6 

5397 

-4.40 

19.36 

7 

5383 

-18.40 

338.56 

8 

5400 

-1.40 

1.96 

9 

5405 

3.60 

12.96 

10 

5395 

-6.40 

40.96 

11 

5397 

-4.40 

19.36 

12 

5390 

-11.40 

129.96 

13 

5402 

.60 

.36 

14 

5389 

-12.40 

153.76 

15 

5406 

4.60 

21.16 

16 

5420 

18.60 

345.96 

17 

5423 

21.60 

466.56 

18 

5401 

-0.40 

.16 

19 

5400 

-1.40 

1.96 

20 

5399 

-2.40 

5.76 

XA  -  5401.40 
=*  5401  meters 
l  RangeA  =*  108,028 
l  -  3552.80 

s2A  =*  186.99 
sA  =  13-67 

=  14  meters 
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TABLE  A-2c 

COMPARING  TWO  MEANS  (TYPE  B:  Standard  Item) 


ROUND  NUMBER 

RANGE 

(meters) 

ab 

1 

5380 

7.75 

60.06 

2 

5374 

1.75 

3.06 

3 

5374 

1.75 

3.06 

4 

5390 

17.75 

315.06 

5 

5351 

-21.25 

451.56 

6 

5348 

-24.25 

588.06 

7 

5350 

-22.25 

495.06 

8 

5370 

-2.25 

5. Co 

9 

5374 

1.75 

3.06 

10 

5390 

17.75 

315.06 

11 

5381 

8.75 

76.56 

12 

5374 

1.75 

3.06 

13 

5380 

7.75 

60.06 

14 

5375 

2.75 

7.56 

15 

5390 

17.75 

315.06 

16 

5370 

-2.25 

5.06 

17 

5359 

-13.25 

175.56 

18 

5370 

-2.25 

5.06 

19 

5370 

-2.25 

5.06 

20 

5375 

2.75 

7.56 

XB  =  5372  meters 
I  Rangeg  =  107,445 
E  Ag  *  2899.70 
s|  =  152.62 
sB  =  12.35 
=  12  meters 
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COMPARING  TWO  MEANS  WITH  VARIABILITY  ASSUMED  UNEQUAL 
(Type  B:  Standard  Item) 


RANGE 

ROUND  NUMBER 

(meters) 

is 

A2 

__B 

1 

5345 

33.30 

1108.89 

2 

5387 

9.30 

86.49 

3 

5385 

7.30 

53.29 

4 

5374 

-3.70 

13.69 

5 

5385 

7.30 

53.29 

6 

5388 

10.30 

106.09 

7 

5375 

-2.70 

7.29 

8 

5385 

7.20 

53.29 

9 

5379 

1.30 

1.69 

10 

5380 

2.30 

5.29 

XB  -  5378.30 
m  5378  meters 
I  RangeB  «  53,783 
EAg  -  1489.30 
sjj  *  165.48 
sB  =■  12.86 

M  13  meters 
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TABLE  A-2e 

COMPARING  MEANS  OF  PAIRED 
OBSERVATIONS 


CAPACITY  OF  BATTERIES 
(ampere  hours) 


BATTERY  A 

BATTERY  B 

xd”xA"xB 

4 

£ 

146.0 

141.0 

5.0 

5.10 

26.01 

141.5 

143.5 

-2.0 

-1.90 

3.61 

135.2 

139.2 

-4.0 

-3.90 

15.21 

142.1 

139.1 

3.0 

3.10 

9.61 

140.3 

140.3 

0.0 

.10 

.01 

143.3 

141.3 

2.0 

2.10 

4.41 

138.0 

138.0 

0.0 

.10 

.01 

137.0 

140.0 

-3.0 

-2.90 

8.41 

142.0 

142.0 

0.0 

.10 

.01 

136.9 

138.9 

-2.0 

-1.90 

3.61 

N  -  10 
E  xd  ■  -1 

-  .10 
l  A2  -  70.90 
s|  =■  7.88 
sd  -  2.81 
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TABLE  A-2f 


MTP  3-1-005 
1  March  1972 


COMPARING  MEANS  OF  SEVERAL  PRODUCTS 

The  following  data  is  related  to  the  life  span  of  a 
res Is tor  (In  hours). 


RESISTOR 


TYPE  1 

TYPE  2 

TYPE  3 

TYPE  4 

518 

502 

554 

555 

560 

574 

598 

567 

538 

528 

579 

550 

510 

534 

538 

535 

544 

538 

544 

540 

2670  hours 

2682  hours 

2813  hours 

2747  hours 

5 

5 

5 

5 

534.00 

536.40 

562.60 

549.40 

534 

536 

563 

549 

406.00 

574.80 

636.8 

159.30 

406  hours 

575  hours 

636  hours 

159  hours 
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TABLE  A-2g 

COMPARING  MEANS  OF  SEVERAL  PRODUCTS 

The  following  data  Is  related  to  the  range  of  a  particular 
ammunition  fired  from  various  guns  (meters). 


TYPE  1 

TYPE  2 

TYPE  3 

TYPE  4 

5,120 

5,000 

5,581 

5,130 

5,300 

5,010 

5,590 

5,150 

5,285 

5,032 

5,580 

5,205 

5,291 

4,989 

5,595 

5,100 

5,202 

5,025 

5,598 

5,125 

5,170 

5,589 

5,175 

5,188 

5,580 

5,150 

5,598 

5,551 

36,556 

meters 

25.056 

meters 

50,262 

meters 

36.035 

meters 

Ni  - 

7 

5 

9 

7 

5,222.29 

5,011.20 

5584.67 

5,147.86 

at 

5,222 

5,011 

5585 

5,148 

si  * 

4,912.90 

310.7 

212.50 

1190.48 

m 

4,913 

meters 

311 

meters 

212 

meters 

1190 

meters 

TABLE  A- 3a 


MTP  3-1-005 
1  March  1972 


STANDARD  DEVIATION  (TYPE  A:  Test  Item) 


READING 

(minutes) 

*<v 

A2 (A2) 

A 

100 

-9.40 

88.36 

125 

15.60 

243.36 

98 

-11.40 

129.96 

100 

-9.40 

88.36 

112 

2.60 

6.76 

115 

5.60 

31.36 

120 

10.60 

112.36 

110 

.60 

.36 

100 

-9.40 

38.36 

114 

4.60 

21.16 

N  -  10 

X  -  109.40 
-  109  min. 

It2  =■  810.40 

s2  »  90.04 

s  -  9.49 

■  9  min. 


For  Type  A  item 

N  -  10 

r  -  109.40 
XA 

-  109  min. 

IA2  -  810.40 
A 

s2  -  90.04 
A 

s,  -  9.49 
A 

•  9  min. 
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TABLE  A- 3b 

STANDARD  DEVIATION  (TYPE  B:  Standard  Item) 


READING 

(minutes) 

^B 

86 

-2.50 

6.25 

84 

-4.50 

20.25 

93 

4.50 

20.25 

85 

-3.50 

12.25 

91 

2.50 

6.25 

84 

-4.50 

20.25 

90 

1.50 

2.25 

92 

3.50 

12.25 

85 

-3.50 

12.25 

94 

5.50 

30.25 

91 

2.50 

6.25 

87 

-1.50 

2.25 

N  -  12 

XB  -  88.5 
■  88  min. 
-  151.00 

s|  -  13.73 

sB  =  3.71 


4  min 
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TABLE  A- 4a 

PART  I 

FUSE 

TYPE 

SUCCESS 
(Class  I) 

FAILURE 
(Class  II) 

, 

TOTAL 

TYPE  A 

IA  -  4 

IIA  -  2 

na  -  6 

TYPE  B 

IB  -  8 

IIB  *  2 

nb  -  10 

TOTAL 

12 

4 

16 

PART  II 

FUSE 

TYPE 

SUCCESS 
(Class  I) 

FAILURE 
(Class  II) 

TOTAL 

Larger  Sample 
(Type  B) 

I  1  “  8 

Hi  “  2 

N5  -  10 

Smaller  Sample 
(Type  A; 

TOTAL 

I2  -  4 

II2  -  2 

-  6 

12 

4 

16 

TABLE  A- 4b 

Given  Characteristic:  Proportion  of 

Hits 

FUZE  TYPE 

SUCCESS 
(Class  I) 

FAILURE 
(Class  II) 

TOTAL 

Type  A 

I .  «  181 
A 

nA 

-  35 

Na  -  216 

Type  B 

IB  -  160 

nB 

-  56 

N0  -  216 

TOTAL 

T  =»  341 

TII 

-  91 

Tn  »  432 
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TABLE  A- 5a 


AP 

POINTS  OF 

DIFFERENCE 

POINTS  OF  IMPACT 

IMPACT 

R(+)  0(+) 

AROUND  T  IE  MEAN  AP 

L(-)  S(-) 

(2500,3005) 

(2350,3100) 

(-150,95 

(2005,2304) 

(1537,1825) 

(1649,2031) 

(112,206) 

(2267,2415) 

(2041,2800) 

(2175,2520) 

(134,-280) 

(2289,1929) 

(3000,1945) 

(2793,2275) 

(-207,330) 

(1948,2539) 

(1874,1700) 

(1954,1439) 

(80,-261) 

(2235,1948) 

(1500,2734) 

(1748,3088) 

(248,354) 

(2403,2563) 

(2273,1679) 

(2345,2310) 

(72,631) 

(2227,2840) 

(1725,2600) 

(1539,2415) 

(-186,-185) 

(1969,2024) 

(2758,1503) 

(2833,1100) 

(75,-403) 

(2230,1806) 

(2340,2300) 

(2094,2466) 

(-246,166) 

(1909,2375) 

Mean  AP:  (2155,2209) 
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TABLE  A- 5b 


PE:  STANDARD 

DEVIATION 

READING  NUMBER 

READING 

A 

(meters) 

1 

1248 

-10.00 

100.0 

2 

1100 

-158.00 

24,964.0 

3 

1260 

2.00 

4.0 

4 

1300 

42.00 

1,764.0 

5 

1260 

2.00 

4.0 

6 

1234 

-24.00 

576.0 

7 

1287 

29.00 

841.0 

8 

1275 

17.00 

289.0 

9 

1290 

32.00 

1,024.0 

10 

1280 

22.00 

484.0 

11 

1225 

-33.00 

1,089.0 

12 

1325 

67.00 

4,489.0 

13 

1223 

-35.00 

1,225.0 

14 

1299 

41.00 

1,681.0 

15 

1268 

10.00 

100.0 

16 

1254 

-4.00 

16.0 

N  -  16 


X  -  1258.00 
-  1258  meters 
1A2  =>  38,650.0 
s2  =■  2,576.67 
s  -  50.76 

=*  51  meters 
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TABLE  A-5c 


PE  SUCCESSIVE  DIFFERENCES 


READING  NUMBER 

READING 

d 

d£ 

(meters) 

1 

1248 

2 

1100 

148 

21,904 

3 

1260 

-160 

25,600 

4 

1300 

-40 

1,600 

5 

1260 

40 

1,600 

6 

1234 

26 

676 

7 

1287 

-53 

2,809 

8 

1275 

12 

144 

9 

1290 

-15 

225 

10 

1280 

10 

100 

11 

1225 

55 

3,025 

12 

1325 

-100 

10,000 

13 

1223 

102 

10,404 

14 

1299 

-76 

5,776 

15 

1268 

31 

961 

16 

1254 

14 

196 

N  -  16 

Ed2-  85,020 

s2  -  5,668.00 

sd  -  75.29 

-  75 
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1 

1248 

2 

1100 

3 

1260 

4 

1300 

5 

1260 

6 

1234 

7 

1287 

8 

1275 

9 

1290 

10 

1280 

11 

1225 

12 

1325 

13 

1223 

14 

1299 

15 

1268 

16 

1254 

Nj  =•  15 
Xj  =  1268.53 
=  1269  meters 
=  12021 
s  ^  =  858.64 
=  859  meters 


A  £. 

20.53  421 

as  an  outlier 

-8.53  73 

31.47  990 

-8.53  73 

-34.53  1192 

18.47  341 

6.47  42 

21.47  461 

11.47  132 

-43.53  1895 

56.47  3189 

-45.53  2073 

30.47  928 

-•53  0 

-14.53  211 


READING  NUMBER 


TABLE  A-5d 
OUTLIER  FOR  PE 


READING 

(meters) 


Isolate 
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READING 

NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

N  -  15 


TABLE  A-5e 

CIRCULAR  PROBABLE  ERROR  (CPE) 


EASTING 

AE 

AE2 

COORDINATE 

48270 

-104.47 

10,914 

48356 

-18.47 

341 

47962 

-412.47 

170,132 

48001 

-373.47 

139,480 

48512 

137.53 

18,915 

47570 

-804.47 

647,172 

48830 

455.53 

207,508 

48781 

406.53 

165,267 

48329 

-45.47 

2,068 

48659 

284.53 

80,957 

48238 

-136.47 

18,642 

48762 

387.53 

149,404 

48325 

-49.47 

2,447 

48515 

140.53 

19,749 

48507 

132.53 

17,564 

EAST  -  48374.47 


-  48374 

IAE2  -  1,650,542 
s2  -  117,895.9 

E 


s_  -  343.36 

E 

-  343 
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TABLE  A-5e 
CPE  continued 


READING 

NORTHING 

NUMBER 

COORDINATE 

AN 

AN2 

d 

m 

1 

46530 

-174.00 

30,276 

203 

2 

46516 

-188.00 

35.344 

189 

3 

45378 

-1326.00 

1,758,276 

1389 

4 

45971 

733.00 

537,289 

822 

5 

46831 

127.00 

16,129 

188 

6 

46972 

268.00 

71,824 

847 

7 

47015 

311.00 

96,721 

552 

8 

46505 

-199.00 

39,601 

453 

9 

47230 

526.00 

276,676 

528 

10 

46993 

289.00 

83,521 

406 

11 

47020 

316.00 

99,856 

344 

12 

47044 

340.00 

115,600 

516 

13 

46845 

141.00 

19,881 

149 

14 

46570 

-134.00 

17,956 

194 

15 

47140 

436.00 

190,096 

456 

N  -  15 

NijRTH  -  46704.00 
-  46704 


IAN2  -  3,389,046 
a2  -  242,074.7 

aN  -  492.01 
-  492 
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TABLE  A-5f 
OUTLIERS  FOR  CPE 


SUSPECTED  E  A 

OUTLIER  ~  ~ 

3  47962  441.93 


READING  NIIMRE7J 

_E 

1 

48270 

2 

48356 

4 

48001 

5 

48512 

6 

47570 

7 

48830 

8 

48781 

9 

48329 

10 

48659 

11 

48238 

12 

48762 

13 

48325 

14 

48515 

15 

48507 

Nj  -  14 

EAST  -  48403, 

93 

-  48404 

SAE2  -  1,469,036 
s2  *  113,002.8 
3£  -  336.16 
-  336 


N 

A. 

d 

m 

45378 

1420.71 

1488. 

AE 

AE2 

-133.93 

17,937 

-47.93 

2,297 

-402.93 

162,353 

108.07 

11,679 

-833.93 

695,439 

426.07 

181,536 

377.07 

142,182 

-74.93 

5,615 

255.07 

65,061 

-165.93 

27,533 

358.07 

128,214 

-78.97 

6,230 

111.07 

12,337 

103.07 

10,623 
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READING  NUMBER 

TABLE  A-5f 

N 

continued 

AN 

AN2 

1 

46530 

-268.71 

72,205 

2 

46516 

-282.71 

79,925 

4 

45971 

-827.71 

685,104 

5 

46831 

32.29 

1,043 

6 

46972 

173.29 

30,029 

7 

47015 

216.29 

46,781 

8 

46505 

-293.71 

86,266 

9 

47230 

431.29 

186,011 

10 

46993 

194.29 

37,749 

11 

47020 

221.29 

48,969 

12 

47044 

245.29 

60,167 

13 

46845 

46.29 

2,143 

14 

46570 

-228.71 

52,308 

15 

47140 

341.29 

116,479 

Sj  -  14 

NORTH  -  46798.71 
-  46799 

IAN2  -  1,505,179 
a2  -  115,783.0 
aN  -  340.27 
-  340 

TABLE  A-6a 

SEQUENTIAL  TESTING:  SUCCESS  -  FAILURE 


FAILURE 

SAMPLES  TESTED 

COORDINATES 

1 

30 

(30,1) 

2 

75 

(75,2) 

3 

110 

(110,3) 

4 

160 

(160,4) 
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SEQUENTIAL  TEST:  PROPORTION 
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oj 
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TABLE  A-6c 


FAILURES 

OPERATING  HOURS 

1 

360 

2 

275 

3 

320 

4 

311 

5 

285 

6 

290 

7 

318 

8 

314 

9 

340 

10 

298 

11 

300 

12 

310 

31* 

3752 

*  Since  no  failure  corresponds  to  the  31  under  Operating  Hours 
this  is  a  time  terminated  test. 
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FAILURES 

It 

TABLE  A-6d 

HOURS 

BETWEEN 

FAILURES 

_4 

1 

(hours) 

200 

200 

-6.83 

2 

410 

210 

3.17 

3 

595 

185 

-21. S3 

4 

816 

221 

14.17 

5 

1046 

230 

23.17 

6 

1241 

195 

-11.83 

F  -  6 

MTBF  -  206.83 


*  207  hours 
£A2  -  1410.6 
s2  -  282.1 
s  »  16.80 
*  17  hours 

TABLE  A-6e 


FAILURE 

NUMBER 


1 

2 

3 

4 

5 

6 
7 


SEQUENTIAL  TESTING:  CONTINUOUS  TEST 
OPERATING 

II£SL  COORDINATE 

(hours) 


175 

490 

985 

1500 

2495 

3290 

4075 


(1,175) 

(2,490) 

(3,985) 

(4,1500) 

(5,2495) 

(6,3290) 

(7,4075) 


a£ 

46.6 

10.0 

476.5 

200.8 

536.8 

139.9 
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TABLE  A-6f 

SEQUENTIAL  TEST:  CONTINUOUS  TEST 


MTP  3-1-005 
1  March  1972 


sunoH 


1-23 


Fo  ilure  * 


r> 


KTP  3-1-005 
1  March  1972 


TABLE  A-6g 

COMBINED  RELIABILITY 


COMPONENT 

SAMPLE 

NUMBER 

SIZE 

FAILURES 

1 

90 

2 

2 

90 

4 

3 

45 

1 

4 

45 

3 
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TABLE  A-7a 

maintainability 


MAINTENANCE 

ACTION 

1 

2  Failure 

3 

4 

5 

6  Failure 

7 

8 
9 

10  Failure 

11 

12  Failure 

13 

14 

15 

16 

17  Failure 

18 

19 

20 
21 
22 


MAINTENANCE 
ACTION  TIME 

.6 

1.2 

.4 

.9 

2.3 
2.0 

1.4 
.7 
.8 
.6 
.1 
.5 
.4 
.4 

1.0 

1.1 

.5 

.3 

.3 

.4 

.6 

.4 
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TABLE  A- 7b 

DATE  3  MAR  4  MAR  5  MAR  6  MAR  7  MAR 

1.  Operating  time  22.0  23.0  21.3  23.0  20.5 

2.  Active  Mainte¬ 
nance* 

a.  Time  1.50  .5  2.0  .5  2.3 

b.  Manhours  2.0  1.0  3.0  1.0  2.3 

3.  Number  of  MA  2  1  2  1  1 

4.  Failures  10101 

5.  Time  to  Repair 

Failures  1.5  0.0  2.0  0.0  1.3 

6.  Belay  time  0.0  0.0  7.0  0.0  1.8 

Remarks:  Date 

5  Mar:  Delay  time  -  driver  sick. 

7  Mar:  Delay  time  -  supply  delay. 

♦Includes  preventive  and  corrective  maintenance  action. 
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NUMBER 

TITLE 

PAGE 

B-l 

Range  (estimate  of  a) 

2-1 

B-2 

Mean  Deviation 

2-2 

B-3 

Normal  Distribution  (area) 

2-3 

B-4 

Cumulative  Normal  Distribution 

2-4 

B-5 

Percentiles  of  the  t  Distribution 

2-5 

B-6 

Percentiles  of  the  Studentized  Range,  q 

2-6 

B-7 

Percentiles  of  the  x2  Distribution 

2-12 

B-8 

Percentiles  of  the  F  Distribution 

2-18 

B-9 

Two-Sided  Confidence  Limits  for  o 

2-35 

B-10 

One-Sided  Confidence  Limits  for  a 

2-37 

B-ll 

Determination  of  Sample  Size  (s  and  oo) 

2-38 

B-l  2 

Determination  of  Sample  Size  (sA  and  s^) 

2-41 

B-13 

.Confidence  Limits  for  P  (two-sided) 

2-43 

B-14 

Confidence  Limits  for  P  (one-sided) 

2-50 

B-15 

Table  of  Arc  Sine  Transformation  for  P 

2-54 

B-16 

2X2  Tables 

2-55 

B-17 

CV  Tables 

2-71 

B-18 

Reliability:  Success-Failure 

2-74 

B-19 

Sequential  Test 

2-127 

B-20 

Factors  for  Determining  Lower  Confidence 

Limit  for  the  Exponential  Mean  Life 

2-128 

B-21 

Factors  for  Determining  Upper  Confidence 

Limit  for  the  Exponential  Mean  Life 

2-129 

B-22 

Exponential  Distribution 

2=130 

B-23 

Trend  Test 

2-133 

TABLE  B-l 


MTP  3-1-005 
1  March  1972 


RANGE 

Range  to  estimate  j  :  k  •  Range 


SAMPLE 


k 


2 

3 

4 

5 

6 

7 

8 
9 

10 


.886 

.591 

.486 

.430 

.395 

.370 

.351 

.337 

.325 
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TABLE  B-2 
MEAN  DEVIATION 


Mean  Deviation  estimate  of  o  :  c  •  mean  deviation 

SAMPLE  SIZE  c 

2  .886 

3  .591 

4  .377 

5  .302 

6  .237 

7  .203 

8  .172 

9  .153 

10  .135 
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TABLE  B-3 


NORMAL  DISTRIBUTION 


z 

.00 

.01 

.02 

.03 

.04 

.05 

.06 

.07 

.08 

.09 

0.0 

.0000 

.0040 

.0080 

.0120 

.0160 

.0199 

.0239 

.0279 

.0319 

.0359 

0.1 

.0398 

.0438 

.0478 

.0517 

.0557 

.0596 

.0636 

.0675 

.0714 

.0753 

0.2 

.0793 

.0832 

.0871 

.0910 

.0948 

.0987 

.1026 

.1064 

.1103 

.1141 

0.1 

.1179 

.1217 

.1255 

.1293 

.1331 

.1368 

.1406 

.1443 

.1480 

.1517 

0.4 

.1554 

.1591 

.1628 

.1664 

.1700 

.1736 

.1772 

.1808 

.1844 

.1879 

0.5 

.1915 

.1950 

.1985 

.2019 

.2054 

.2088 

.2123 

.2157 

.2190 

.2224 

0.6 

.2257 

.2291 

.2324 

.2357 

.2389 

.2422 

.2454 

.2486 

.2517 

.2549 

0.7 

.2580 

.2611 

.2642 

.2672 

.2704 

.2734 

.2764 

.2794 

.2823 

.2852 

0.8 

.2881 

.2910 

.2939 

.2967 

.2995 

.3023 

.3051 

.3078 

.3106 

.3133 

0.9 

.3159 

.3186 

.3212 

.3238 

.3264 

.3289 

.3315 

.3340 

.3365 

.3389 

1.0 

.3413 

.34  38 

.3461 

.3485 

.3508 

.3531 

.3554 

.3577 

.3599 

.3621 

1.1 

.3643 

.3665 

.3686 

.3708 

.  3729 

.3749 

.3770 

.3790 

.3810 

.3830 

1.2 

.3849 

.3869 

.3888 

.3907 

.3925 

.3944 

.3962 

.3980 

.3997 

.4015 

1.3 

.4032 

.4049 

.4066 

.4082 

.4099 

.4115 

.4131 

.4147 

.4162 

.4177 

1.4 

.4192 

.4207 

.4222 

.4236 

.4251 

.4265 

.4279 

.4292 

.4  306 

.431<> 

1.5 

.4332 

.4345 

.4357 

.4370 

.4382 

.4394 

.4406 

.4418 

.4429 

.4441 

1.6 

.4452 

.4463 

.4474 

.4484 

.4495 

.4  505 

.4515 

.4525 

.4535 

.4545 

1.7 

.4554 

.4564 

.4573 

.4582 

.4591 

.4599 

.4608 

.4616 

.4625 

.4633 

1.8 

.4641 

.4649 

.4656 

.4664 

.4671 

.4678 

.4686 

.4693 

.4699 

.4706 

1.9 

.4713 

.4719 

.4732 

.4732 

.4738 

.4744 

.4750 

.4756 

.4761 

.4767 

2.0 

.4772 

.4778 

.4783 

.4788 

.4793 

.4798 

.4803 

.4808 

.4812 

.4817 

2.1 

.4821 

.4826 

.4830 

.4834 

.4838 

.4842 

.4846 

.4850 

.4854 

.4857 

2.2 

.4861 

.4864 

.4868 

.4871 

.4875 

.4678 

.4881 

.4884 

.4887 

.4890 

2.3 

.4893 

.4896 

.4898 

.4901 

.4904 

.4906 

.4909 

.4911 

.4913 

.4916 

2.4 

.4918 

.4920 

.4922 

.4925 

.4927 

.4929 

.4931 

.4932 

.4934 

.4936 

2.5 

.4938 

.4940 

.4941 

.4943 

.494  5 

.4946 

.4948 

.4949 

.4951 

.4952 

2.6 

.4953 

.4955 

.4956 

.4957 

.4959 

.4960 

.4961 

.4962 

.4963 

.4964 

2.7 

.4965 

.4966 

.4967 

.4968 

.4969 

.4970 

.4971 

.4972 

.4973 

.4974 

2.8 

.4974 

.4975 

.4976 

.4977 

.4977 

.4978 

.4979 

.4979 

.4980 

.4981 

2.9 

.4981 

.4982 

.4982 

.4983 

.  4  98m 

.4984 

.4985 

.4985 

.4986 

.4986 

3.0 

.4987 

.4987 

.4987 

.4988 

.4988 

.4989 

.4989 

.4989 

.4990 

.4990 

Source:  From  THEORY  AND  PROBLEMS  OF  STATISTICS  bv  Murray  R.  Spiegel. 

Crovrlght  1961  by  McGraw-Hill,  Inc.  Used  vltb  permission  of 
McGraw-Hill  Book  Companv. 
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TABU  B-5 

PERCENTILES  OF  THE  t  D I  STB  I  BUT  TON 


df 

1*60 

t.70 

t.7S 

*  -  9  0 

1*65 

t  .(I'M. 

*  -90 

1  -95 

1*979 

1-99 

*  *99  5 

1 

.325 

.727 

1 .000 

1.376 

1.963 

2.414 

2.078 

6.314 

12.706 

31.821 

63.657 

2 

.289 

.617 

.816 

1.061 

1.  J86 

1.604 

1.886 

2.920 

4.303 

6.965 

9.925 

3 

.277 

.584 

.765 

.978 

1.250 

1.423 

1.638 

2.353 

3.182 

4.541 

5.841 

4 

.271 

.569 

.741 

.941 

1.190 

1.344 

1.533 

’  '  12 

2.776 

3.747 

4.604 

5 

.267 

.559 

.727 

.920 

1.156 

1.301 

1.476 

.5 

2.571 

3.365 

4.032 

6 

.265 

.551 

.718 

.906 

1.134 

1.273 

1.440 

1.943 

2.447 

3.143 

3.707 

7 

.263 

.549 

.711 

.896 

1.119 

1.254 

1.415 

1.895 

2.365 

2.998 

3.499 

8 

.262 

.546 

.706 

.889 

1.108 

1.240 

1.397 

1.860 

2.306 

2.896 

3.355 

9 

.261 

.543 

.701 

.883 

1.100 

1 .230 

1.383 

1.833 

2.262 

2.821 

3.250 

10 

.260 

.542 

.700 

.879 

1.093 

1.221 

1.372 

1 .812 

.  2.228 

2.764 

3 .  ibb 

11 

.260 

.540 

.697 

.876 

1.088 

1.214 

1.363 

1.796 

2.201 

2.718 

3.106 

12 

.259 

.539 

.695 

.873 

1 .083 

1.209 

1.356 

1.782 

2.179 

2.681 

3.055 

13 

.259 

.538 

.694 

.870 

1 .079 

1.204 

1.350 

1.771 

2.160 

2.650 

3.012 

14 

.258 

.537 

.692 

.368 

1.076 

1.200 

1 .  345 

1.761 

2.145 

2.624 

2.977 

15 

.258 

.536 

.691 

.866 

1.074 

1.197 

1.341 

1.753 

2.131 

2.602 

2.947 

16 

.258 

.535 

.690 

.865 

1.071 

1.194 

1.337 

1.746 

2.120 

2.583 

2.921 

17 

.257 

.534 

.689 

.863 

1.069 

1.191 

1.333 

1.740 

2.110 

2.567 

2.898 

18 

.257 

.514 

.688 

.962 

1.067 

1.189 

1.330 

1.734 

2.101 

2.552 

2.878 

19 

.257 

.533 

.688 

861 

1 .066 

1.187 

1.328 

1.729 

2.093 

2.539 

2.861 

20 

.257 

.533 

.687 

.860 

1 .064 

1.185 

1.325 

1.725 

2.086 

2.528 

2.845 

21 

.257 

.532 

.686 

.859 

1 .063 

1.183 

1.323 

1.721 

2.080 

2.518 

2.831 

22 

.256 

.532 

.686 

.858 

1 .061 

1.182 

1.321 

1.717 

2.074 

2.508 

2.819 

23 

.256 

.532 

.685 

.858 

1 .060 

1.180 

1.  119 

1.714 

2.069 

2.500 

2.807 

24 

.256 

.531 

.685 

.857 

1.059 

1.179 

1.318 

1.711 

2.064 

2.497 

2.797 

25 

.256 

.531 

.684 

.856 

1.058 

1 .178 

1.316 

1.708 

2.060 

2.485 

2.787 

26 

.256 

.531 

.684 

.856 

1 .058 

1.177 

1.315 

1.706 

2.056 

2.479 

2.779 

27 

.256 

.531 

.684 

.855 

1 .057 

1.176 

1.314 

1.703 

2.052 

2.473 

2.771 

28 

.256 

.530 

.683 

.855 

1 .056 

1.175 

1.313 

1.701 

2.04« 

2.467 

2.763 

29 

.256 

.530 

.683 

.854 

1.055 

1.174 

1  .31 1 

1  .699 

2.045 

2.462 

2.756 

30 

.256 

.530 

.683 

.854 

1.055 

1.173 

1.310 

1.697 

2.042 

2.457 

2.750 

40 

255 

.529 

.681 

.851 

1.050 

1.167 

1.303 

1.684 

2.021 

2.423 

2.704 

60 

.254 

.527 

.679 

.84  a 

1 .046 

1.162 

1.296 

1 .671 

2.000 

2.  390 

2.660 

120 

.254 

.526 

.677 

.845 

1  .041 

1.156 

1.289 

1.658 

1.980 

2.358 

2.617 

•  • 

.253 

.524 

.674 

.842 

1 .036 

1.150 

1.282 

1 .645 

1.960 

2.326 

2.576 

Linear 

Interpol 

latlon  ear 

be  uaed 

to  obtain 

the  t  va 

lue  for 

the  d.f. 

value  vhl< 

:h  ia  not 

In  the 

table;  however,  the 

fcl loving 

formula 

la  a  more 

accurate 

set  hod 

of  cbtal 

nlng  the  t 

value 

‘l-o.d.t.*  *1-1, d.f. 


where  d.f 
d.f 
d.f 


u 

L 


degrees  of  freedo»  not 
'  upper  value,  degree  of 
•  lover  value,  degree  of 


in  table, 
freedow  Juat 
freedom  Just 


larger  than  d.f. 
anal ler  than  d.f. 
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TABLE  B-6 

PERCENTILES  OF  THE  STUDENTIZM)  RANGE,  q 


2  i 

' 

3 

4 

5 

■ 

7 

8 

9 

10 

BH 

8.93 

13.44 

16.36 

18.49 

20.15 

21.51 

22.64 

23.62 

24.48 

4.13 

5.73 

6.77 

7.54 

8.14 

8.63 

9.05 

9.41 

9.72 

4.47 

5.20 

5.74 

6.16 

6.51 

6.81 

7.06 

7.29 

3.01 

3.98 

4.59 

5.03 

5.39 

5.68 

5.93 

6.14 

6.33 

5 

2.85 

3.72 

4.26 

4.66 

4.98 

5.24 

5.46 

5.65 

5.82 

6 

2.75 

3.56 

4.07 

4.44 

4.73 

4.97 

5.17 

5.34 

5.50 

7 

2.68 

3.45 

3.93 

4.28 

4.55 

4.78 

4.97 

5.14 

5.28 

8 

2.63 

3.37 

3.83 

4.17 

4.43 

3.65 

4.83 

4.99 

5.13 

9 

2.59 

3.32 

3.76 

4.08 

4.34 

4.54 

4.72 

4.87 

5.01 

10 

2.56 

3.27 

3.70 

4.02 

4.26 

4.47 

4.64 

4.78 

4.91 

11 

2.54 

3.23 

3.66 

3.96 

4.20 

4.40 

4.57 

4.71 

4.84 

12 

2.52 

3.20 

3.62 

3.92 

4.6 

4.35 

4.51 

4.65 

4.78 

13 

3.18 

3.59 

3.88 

4.12 

4.30 

4.46 

4.60 

4.72 

14 

2.49 

3.16 

3.56 

3.85 

4.08 

4.27 

4.42 

4.56 

4.68 

15 

2.48 

3.14 

3.54 

3.83 

4.05 

4.23 

4.39 

4.52 

4.64 

16 

2.47 

3.12 

3.52 

3.80 

4.03 

4.21 

4.36 

4.49 

4.61 

17 

2.46 

3.11 

3.50 

3.78 

4.00 

4.18 

4.33 

4.46 

4.58 

18 

2.45 

3.10 

3.49 

3.77 

3.98 

4.16 

4.31 

4.44 

4.55 

19 

2.45 

3.09 

3.47 

3.75 

3.97 

4.14 

4.29 

4.42 

4.53 

20 

2.44 

3.08 

3.46 

3.74 

3.95 

j 

4.12 

4.27 

4.40 

4.51 

24 

2.42 

3.05 

3.42 

3.69 

3.90 

4.07 

4.21 

4.34 

4.44 

30 

2.40 

3.02 

3.39 

3.65 

3.85 

4.02 

4.16 

4.28 

4.38 

40 

2.38 

2.99 

3.35 

3.60 

3.80 

3.96 

4.10 

4.21 

4.32 

60 

2.36 

2.96 

3.31 

3.56 

3.75 

3.91 

4.04 

4.16 

4.25 

120 

2.34 

2.93 

3.28 

3.52 

3.71 

3.86 

3.99 

4.10 

4.19 

0  o 

2.33 

2  90 

3.24 

3.48 

3.66 

3.81 

3.93 

4.04 

4.13 
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TABLE  B-6  continued 

PERCENTILES  OF  THE  STUDENTIZED  RANGE,  q 


_ cu95 _ 

gPI 

2 

3 

4 

5 

6 

7 

8 

9 

10 

mm 

17.97 

26.98 

32.82 

37.08 

40.41 

43.12 

45.40 

47.36 

49.07 

p.;. 

6.08 

8.33 

9.80 

10.88 

11.74 

12.44 

13.03 

13.54 

13.99 

.it- 

4.50 

5.91 

6.82 

7.50 

8.04 

8.48 

8.85 

9.18 

9.46 

1 

3.93 

5.04 

5.76 

6.29 

6.71 

7.05 

7.35 

7.60 

7.83 

5 

3.64 

4.60 

5.22 

5.67 

6.03 

6.33 

6.58 

6.80 

6.99 

6 

3.46 

4.34 

4.90 

5.30 

5,63 

5.90 

6.12 

6.32 

6.49 

7 

3.34 

4.16 

4.68 

5.06 

5.36 

5.61 

5.82 

6.00 

6.16 

8 

3.26 

4.04 

4.53 

4.89 

5.17 

5.40 

5.60 

5.77 

5.92 

9 

3.20 

3.95 

4.41 

4.76 

5.02 

5.24 

5.43 

5.59 

5.74 

10 

3.15 

3.88 

4.33 

4.65 

4.91 

5.12 

5.30 

5.46 

5.60 

11 

3.11 

3.82 

4.26 

4.57 

4.82 

5.03 

5.20 

5.35 

5.49 

12 

3.08 

3.77 

4.20 

4.51 

4.75 

4.95 

5.12 

5.27 

5.39 

13 

3.06 

3.73 

4.15 

4.45 

4.69 

4.68 

5.05 

5.19 

5.32 

14 

3.03 

3.70 

4.11 

4.41 

4.64 

4.83 

4.99 

5.13 

5.25 

15 

3.01 

3.67 

4.08 

4.37 

4.59 

4.78 

4.94 

5.08 

5.20 

16 

3.00 

3.65 

4.05 

4.33 

4.56 

4.74 

4.90 

5.03 

5.15 

17 

2.98 

3.63 

4.02 

4.30 

4.52 

4.70 

4.86 

4.99 

5.11 

18 

2.97 

3.61 

4.00 

4.28 

4.49 

4.67 

4.82 

4.96 

5.07 

19 

2.96 

3.59 

3.98 

4.25 

4.65 

4.79 

4.92 

5.04 

20 

2.95 

3.58 

3.96 

4.23 

4.62 

4.77 

4.90 

5.01 

24 

2.92 

3.53 

3.90 

4.17 

4.54 

4.68 

4.81 

4.92 

30 

2.89 

3.49 

3.85 

4.10 

4.30 

4.46 

4.60 

4.72 

4.82 

40 

2.86 

3.44 

3.79 

4.04 

4.23 

4.39 

4.52 

4.63 

4.73 

60 

2.83 

3.40 

3.74 

3.98 

4.16 

4.31 

4.44 

4.55 

4.65 

120 

2.80 

3.36 

3.68 

3.92 

4.10 

4.24 

4.36 

4.47 

4.56 

O 

0 

2.77 

3.31 

3.63 

3.86 

4.03 

4.17 

4.29 

4.39 

4.47 

2-8 


MTP  3-1-005 
1  March  1972 


TABLE  B-6  continued 


PERCENTILES  OP  THE  STUDENTIZED  RANGE,  q 
q  .95 


3-1-005 
March  1972 


TABLE  8-6  continued 

PERCENTILES  OF  THE  STUDENTIZED  RANGE,  q 
q.99 


1§ 

2 

3 

n 

5 

6 

a 

8 

9 

10 

■ 

90.03 

135.0 

164.3 

185.6 

202.2 

215.8 

227.2 

237.0 

245.6 

14.04 

19.02 

22.29 

24.72 

26.63 

28.20 

29.53 

30.68 

31.69 

1 

8.26 

10.62 

12.17 

13.33 

14.24 

15.00 

15.64 

16.20 

lo.69 

WM 

6.51 

8.12 

9.17 

9.96 

10.58 

11.10 

11.55 

11.93 

12.27 

5 

5.70 

6.98 

7  .c  J 

8.42 

8.91 

9.32 

9.67 

9.97 

10.24 

6 

5.24 

6.33 

7.03 

7.56 

7.97 

8.32 

8.61 

8.87 

9.10 

7 

4.95 

5.92 

6.54 

7.01 

7.37 

7.68 

7.94 

8.17 

8.37 

8 

4.75 

5.64 

6.20 

6.62 

6.96 

7.24 

7.47 

7.68 

7.86 

9 

4.60 

5.43 

5.96 

6.35 

6.66 

6.91 

7.13 

7.33 

7.49 

10 

4.48 

5.27 

5.77 

6.14 

6.43 

6.67 

6.87 

7.05 

7.21 

11 

4.39 

5.15 

5.62 

5.97 

6.25 

6.48 

6.67 

6.84 

6.99 

12 

4.32 

5.05 

5.50 

5.84 

6.10 

6.32 

6.51 

6.67 

6.81 

13 

4 .26 

4.96 

5.40 

5.73 

5.98 

6.19 

6.37 

6.53 

6.67 

14 

4.21 

4.89 

5.32 

5.63 

5.88 

6.08 

6.26 

6.41 

6.54 

15 

4.17 

4.84 

5.25 

5.56 

5.80 

5.99 

6.16 

6.31 

6.44 

16 

4.13 

4.79 

5.19 

5.49 

5.72 

5.92 

6.08 

6.22 

6.35 

17 

4.10 

4.74 

5.14 

5.43 

5.66 

5.85 

6.01 

6.15 

6.27 

18 

4.07 

4.70 

5.09 

5.38 

5.60 

5.79 

5.94 

6.08 

6.20 

19 

4.05 

4.67 

5.05 

5.33 

5.55 

5.73 

5.89 

6.02 

6.14 

20 

4.02 

4.64 

5.02 

5.29 

5.51 

5.69 

5.84 

5.97 

6.09 

24 

3.96 

4.55 

4.91 

5.17 

5.37 

5.54 

5.69 

5.81 

5.92 

.’0 

3.89 

4.45 

4.80 

5.05 

5.24 

5.40 

5.54 

5.65 

5.76 

40 

3.82 

4.37 

4.70 

4.93 

5.11 

5.26 

5.39 

5.50 

5.60 

60 

3.76 

CO 

CM 

4.59 

4.82 

4.99 

5.13 

5.25 

5.36 

5.45 

120 

3.70 

4.20 

4.50 

4.71 

4.87 

5.01 

5.12 

5.21 

5.30 

O  0 

3.64 

4.12 

4.40 

4.60 

4.76 

4.88 

4.99 

5.08 

5.16 
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TABLE  B-6  continued 

PERCENTILES  OF  THE  STUDENTIZED  RANGE,  q 
_ _  q  .99  _ _ 


11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

253.2 

260.0 

266.2 

271.8 

277.0 

281.8 

286.3 

290.4 

294.3 

298.0 

32.59 

33.40 

34.13 

34.81 

35.23 

36.00 

36.53 

37.03 

37.50 

37.95 

17.13 

17.53 

17.89 

18.22 

18.52 

18.81 

19.07 

19.32 

19.55 

19.77 

12.57 

12.84 

13.09 

13.32 

13.53 

13.73 

13.91 

14.08 

14.24 

14.40 

10.48 

10.70 

10.89 

11.08 

11.24 

11.40 

11.55 

11.66 

11.81 

11.93 

9.30 

9.48 

9.65 

9.81 

9.95 

10.08 

10.21 

10.32 

10.43 

10.54 

8.55 

8.71 

8.86 

9.00 

9.12 

9.24 

9.35 

9.46 

9.55 

9.65 

8.03 

8.18 

8.31 

8.44 

8.55 

8.66 

8.76 

8. 85 

8.94 

9.03 

7.65 

7.78 

7.91 

8.03 

3.13 

8.23 

8.33 

8.41 

8.49 

8.57 

7.36 

7.49 

7.60 

7.71 

7.81 

7.91 

7.99 

8.08 

8.15 

8.23 

7.13 

7.25 

7.36 

7.46 

7.56 

7.65 

7.73 

7.81 

7.88 

7.95 

6.94 

7.06 

7.17 

7.26 

7.36 

7.44 

7.52 

7.59 

7.66 

7.73 

6.79 

6.90 

7.01 

7.10 

7.19 

7.27 

7.35 

7.42 

7.48 

7.55 

6.66 

6.77 

6.87 

6.96 

7.05 

7.13 

7.20 

7.27 

7.33 

7.39 

6.55 

6.66 

6.75 

6.84 

6.93 

7.00 

7.07 

7.14 

7.20 

7.26 

6.46 

6.56 

6.66 

6.74 

6.82 

6.90 

6.97 

7.03 

7.09 

7.15 

6.38 

6.48 

6.57 

6.66 

6.73 

6.81 

6.87 

6.94 

7.00 

7.05 

6.31 

6.41 

6.50 

6.58 

6.65 

6.73 

6.79 

6.85 

6.91 

6.97 

6.25 

6.34 

6.43 

6.51 

6.58 

6.65 

6.72 

6.78 

6.84 

6.89 

6.19 

6.28 

6.37 

6.45 

6.52 

6.59 

6.65 

6.71 

6.77 

6.82 

6.02 

6.11 

6.19 

6.26 

6.33 

6.39 

6.45 

6.51 

6.56 

6.61 

5.85 

5.93 

6.01 

6.08 

6.14 

6.20 

6.26 

6.31 

6.36 

6.41 

5.69 

5.76 

5.83 

5.90 

5.96 

6.02 

6.07 

6.12 

b.16 

6.21 

5.53 

5.60 

5.67 

5.73 

5.78 

5.84 

5.89 

5.93 

5.97 

6.01 

5.37 

5.44 

5.50 

5.56 

5.61 

5.66 

5.71 

5.75 

5.79 

5.83 

5.23 

5.29 

5.35 

5.40 

5.45 

5.49 

'..54 

5.57 

5.61 

5.65 
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TABLE  B-7 


PERCENTILES  OF  THE  x2  DISTRIBUTION 


d.f> 

.9995 

.999 

.995 

.99 

.973 

.95 

.90 

.80 

.75 

.70 

1 

2 

3 

4 

5 

.0*393 
. 0*100 
.0X33 
.0539 
.158 

.05157 

.0220 

.0243 

.0908 

.210 

.04393 

.0100 

.0717 

.207 

.412 

.0*157 

.0201 

.115 

.297 

.554 

.0*982 

.0506 

.216 

.484 

.831 

.02J93 

.103 

.352 

.711 

1.15 

.0158 

.211 

.584 

1.06 

1.61 

.0642 

.446 

1.00 

1.65 

2.34 

.102 

.575 

1.21 

1.92 

2.67 

.l'-8 

.713 

1.42 

2.19 

3.00 

6 

7 

8 

9 

10 

.399 

.*85 

.7X0 

.972 

1.26 

.381 

.598 

.857 

1.15 

1.48 

,676 

.989 

1.34 

1.73 

2.16 

.872 

1.24 

1.65 

2.09 

2.56 

1.24 

1.69 
2.18 

2.70 

3.25 

1.64 

2.17 

2.73 

3.33 

3.94 

2.20 

2.83 

3.49 

4.17 

4.87 

3.07 

3.82 

4.59 

5.38 

6.18 

3.45 

4.25 

5.07 

5.90 

6.74 

3.83 

4.67 

5.53 

6.39 

7.27 

11 

12 

13 

14 

15 

1.39 

1.93 

2.31 

2.70 

3.11 

1.83 

2.21 

2.62 

3.04 

3,48 

2.60 

3.07 

3.57 

4.07 

4.60 

3.03 

3.57 

4.11 

4.66 

5.23 

3.82 

4.40 

5.01 

5.63 

6.26 

4.57 
5.23 
5.89 

6.57 
7,26 

5.58 

6.30 

7.04 

7.79 

8.55 

6.99 

7.81 

8.63 

9.47 

7.9.2 

7.58 

8.44 

9.30 

10.2 

11.0 

8.15 

9.03 

9.93 

10.8 

11.7 

16 

17 

18 

19 

20 

3.54 

3.98 

4.44 

4.91 

5.40 

3.94 

4.42 

4.90 

5.41 

5.92 

5.14 

5.70 

6.26 

6,84 

7,43 

5.81 

6.41 

7.01 

7.63 

8.26 

6.91 

7.56 

8.23 

8.91 

9.59 

7.96 

5.67 

9.39 

10.1 

10.9 

9.31 

10.1 

10.9 

11.7 

12.4 

11.2 

12.0 

12.9 

13.7 

14.6 

11.9 

12.8 

13.7 

14.6 

15.5 

12.6 

13.5 

14.4 

15.4 
16.3 

21 

22 

23 

24 

25 

5.90 

6.40 

6.92 

7.45 

7.99 

6.45 

6.98 

7.53 

8.08 

8.65 

8.03 

8.64 

9.26 

9.89 

10.5 

8.90 

9.54 

10.2 

10.9 
a. 5 

10.3 

11.0 

11.7 

12.4 

13.1 

11.6 

12.3 

13.1 

13.8 

14.6 

13.2 

14.0 

14.8 

15.7 

16.5 

15.4 

16.3 

17.2 

18.1 

18.9 

16.3 

17.2 

18.1 

19.0 

19.9 

17.2 

18.1 

15.0 

19.9 

20.9 

26 

27 

28 

29 

30 

8.54 

9.09 

9.66 

10.2 

10.8 

9.22 

9.80 

10.4 

11.0 

11.6 

11.2 

11.8 

12.5 

13.1 

13.8 

12.2 

12.9 

13.6 

14.3 

15.0 

13.8 

14.6 

15.3 

16.0 

16.8 

15.4 

16.2 

16.9 

17.7 

18.5 

17.3 

18.1 

18.9 

19.8 

20.6 

19.8 

20.7 

21.6 

22.5 

23.4 

20.8 

21.7 

22.7 
23.6 
24.5 

21.8 

22.7 

23.6 

24.6 
25.5 

31 

32 

33 

34 

35 

11.4 

12.0 

12.6 

13.2 

13.8 

12.2 

12.8 

13.4 

14.1 

14.7 

14.5 

15.1 

15.8 

16.5 

17.2 

15.7 

16.4 

17.1 

17.8 

18.5 

17.5 

18.3 

19.0 

19.8 

20.6 

19.3 

20.1 

20.9 

21.7 

22.5 

21.4 

22.3 

23.1 

24.0 

24.8 

24.3 

25.1 

26.0 

26.9 

27.8 

25.4 

26.4 
27.3 
28.2 
29.1 

26.4 

27.4 
28.3 

29.2 

30.2 

36 

37 

38 

39 

40 

14.4 

15.0 

15.6 

16.3 

16.9 

15.3 

16.0 

16.6 

17.3 

17.9 

17.9 

18.6 

19.3 

20.0 

20.7 

19.2 

20.0 

20.7 

21.4 

22.2 

21.3 

22.1 

22.9 

23.7 

24.4 

23.3 

24.1 

24.9 

25.7 

26.5 

25. f 

26.5 

27.3 

28.2 

29.1 

28.7 

29.6 

30.5 

31 .4 

32.3 

30.0 

30.9 

31.9 

3. .8 
33.7 

31.1 

32.1 
33.0 

33.9 

34.9 

.60 


.275 

1.02 

1.87 

2.75 

3.66 

4.57 

5.49 

6.42 

7.36 

8.30 

9.24 

10.2 

11.1 

12.1 

13.0 

14.0 

14.9 

15.9 

16.9 

17.8 

18.8 

19.7 

20.7 

a. 7 
22.6 


23.6 

24.5 

25.5 

26.5 
2/. 4 

2  j  .  4 
29.4 

30.3 

31.3 

32.3 

33.3 

34.2 

35.2 

36.2 
37.1 


.50 


.455 

1.39 

2.37 

3.36 

4.35 

5.35 

6.35 
7.14 

8.34 

9.34 


10.3 

11.3 

12.3 

13.3 

14.3 

15.3 

16.3 

17.3 

18.3 

19.3 

20.3 

21.3 

22.3 

23.3 

24.3 


25.3 

26.3 

27.3 

28.3 

29.3 

30.3 

31.3 

32.3 

33.3 

34.3 

35.3 

36.3 

37.3 

38.3 

39.3 


N(T*E:  .04393  means  .0000393. 
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TABLE  B-7  continued 


PEBCENTILET 


^.<0 

.30 

0.25 

.20 

.10 

1 

.708 

1.07 

1.32 

1.64 

2.71 

2 

1.83 

2.41 

2.77 

3.22 

4.61 

3 

2.95 

V87 

4.11 

4.64 

6.25 

4 

4.0*» 

4.88 

5.39 

5.99 

7.73 

5 

5.13 

6.06 

6.63 

7. 

9.24 

6 

6.21 

7.23 

7,84 

8.56 

10.6 

7 

7.28 

8.38 

9.04 

9.80 

12.0 

0 

8.35 

9.52 

10.2 

11.0 

>3.4 

9 

9.41 

10.7 

11.4 

12.2 

U.7 

10 

10.5 

11.8 

12.5 

13.4 

o  0 

11 

li .  5 

12.9 

13.7 

14 . 6 

17.3 

12 

12.6 

14.0 

14.8 

15.8 

18.5 

13 

n.  6 

15.1 

16.0 

17.0 

19.8 

14 

14.7 

18.2 

17.  1 

18.2 

21.1 

15 

15.7 

17.3 

18.2 

19.3 

22.3 

16 

18.8 

18.4 

19.4 

20.5 

23.5 

17 

17.8 

19.5 

20.5 

21.6 

24.8 

18 

18.9 

20.' 

21.6 

22.8 

26.0 

19 

19.9 

21.7 

22.7 

23.9 

27.2 

20 

21.0 

22.8 

23.8 

25.0 

28.4 

21 

22.0 

23.9 

24.o 

26.2 

29.6 

22 

23.0 

24.9 

26.0 

27.3 

’0.8 

23 

24.1 

26.0 

27. 1 

28.4 

32.0 

24 

25  I 

27.1 

28.2 

23.6 

33.2 

25 

26.1 

28.2 

29.  3 

30. 7 

34.4 

26 

27.2 

29.2 

JC.4 

31.8 

35.6 

2! 

28.2 

30.  3 

31.5 

32.9 

'  36.7 

:  a 

29.2 

31  .4 

37.6 

34.0 

37.9 

29 

30.  3 

32.5 

33.7 

35.1 

39. » 

30 

31.3 

3  3.5 

34.8 

36.1 

40.  3 

31 

J2 .  3 

34.6 

35.9 

37,4 

41  .4 

32 

33.4 

35.7 

37.0 

38.5 

“2.6 

33 

3“  .  4 

36.7 

38.1 

39.6 

43.7 

J4 

35.4 

37.  H 

19.2 

40.7 

44.9 

35 

36.5 

IS. 9 

40 . 2 

41 .8 

“6.1 

36 

37.5 

W.9 

-1  .  3 

47.9 

17 

18.  5 

4!  .0 

42.4 

44.0 

“8.4 

IS 

19.6 

42.0 

43.5 

45.1 

49.5 

3? 

40.6 

43.1 

44 . 6 

46 . 2 

>0.  7 

40 

4: .  a 

44.2 

45.6 

47.3 

51.8 

the  distribution 


.05 

.025 

.01 

.005 

.001 

3.84 

5.02 

6.63 

7.88 

10.8 

12.1 

5.99 

7.38 

9.21 

10.6 

13.8 

15.2 

7.81 

9.35 

11.3 

12.8 

16.3 

17.7 

9.49 

l*.! 

13.3 

14.9 

18.5 

20.0 

11.1 

12.8 

15.1 

16.7 

20.5 

22.1 

17.6 

14.4 

16.8 

18.5 

22.5 

24.1 

14.1 

16.0 

18.5 

20.3 

24.3 

26.0 

15.5 

17.5 

20.1 

22.0 

26.1 

27.9 

16.9 

19.0 

21.7 

23.6 

27.9 

29.7 

18.3 

20.5 

23.2 

25.2 

29.6 

31.4 

19.7 

21.9 

24.7 

26.8 

31.3 

33.1 

21.0 

23.3 

26.2 

28.3 

32.9 

34.8 

22.4 

24.7 

2  7.7 

29.8 

34.5 

36.5 

23.7 

26.1 

29.1 

31.3 

36.1 

38.1 

25.0 

27.5 

30.6 

32.8 

37.7 

39.7 

26.  3 

28.8 

32.0 

34.3 

39.3 

41.3 

27.6 

30.2 

33. 4 

35.7 

40.8 

42.9 

28.9 

31.5 

34.8 

37.2 

42.3 

44 .4 

30.1 

32.9 

36.2 

38.6 

43.0 

46.0 

31  .4 

34.2 

37.6 

40.0 

45.3 

47.3 

32.7 

35.5 

38.o 

41  .4 

46.8 

49  0 

33.9 

36.8 

40.1 

42.8 

48.3 

50.  \ 

35.2 

38.1 

41.6 

44.2 

49.7 

52.0 

16.4 

39.4 

43.0 

“5.6 

31.2 

53.5 

37.7 

40  6 

44.3 

46.9 

52.6 

54.9 

38.9 

41.9 

4  5.6 

48.3 

V  1 

56.4 

40.1 

43.2 

47.0 

49.6 

55. s’* 

57.9 

41  .  3 

44.5 

48.3 

61  .0 

56.9 

59.3 

42.6 

45.7 

49.6 

52.3 

58.3 

60.7 

43.8 

47.0 

50  9 

61.7 

59.7 

62.2 

45.0 

48.2 

62. : 

56.0 

61.1 

63.6 

4fi .  2 

40.6 

63.6 

56.3 

62.5 

65.0 

47.4 

50.7 

64 .8 

*7.6 

63.9 

66.4 

48.6 

52.0 

66.  • 

59.0 

65.2 

67.8 

49.8 

si . : 

67  3 

'0.  3 

66.6 

69.2 

6J .0 

54.4 

58.6 

M  .6 

*8.0 

70.6 

V .  2 

4^.  7 

SQ  .  Q 

62.9 

69.  ) 

72.0 

5  3.4 

56.9 

61 .2 

6“  .2 

70.7 

73.4 

54 . 6 

68.  1 

2.“ 

f. r .  > 

•’2.1 

74.7 

5>.  8 

69  .  y 

6  1.7 

6* .  8 

73.4 

76.1 
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TABLE  B-7  continued 
PERCENTILES  OF  THE  x 2  DISTRIBUTION 


\3 

d.f> 

.9995 

.999 

.995 

.99 

.975 

.95 

.90 

.80 

41 

17.5 

18.6 

21.4 

22.9 

25.2 

27.3 

29.9 

33.3 

42 

18.2 

19.2 

22.1 

23.7 

26.0 

28.1 

30.8 

34.2 

43 

18.8 

19.9 

22.9 

24.4 

26.8 

29.0 

31.6 

35.1 

44 

19.5 

20.6 

23.6 

25.1 

27.6 

29.8 

32.5 

36.0 

45 

20.1 

21.3 

24.3 

25.9 

28.4 

30.6 

33.4 

36.9 

46 

20.8 

21.9 

25.0 

26.7 

29.2 

31.4 

34.2 

37.8 

47 

21.5 

22.6 

25.8 

27.4 

30.0 

32.3 

35.1 

38.7 

48 

22.1 

23.3 

26.5 

28.2 

30.8 

33.1 

35.9 

39.6 

49 

22.8 

24.0 

27.2 

28.9 

31.6 

33.9 

36.8 

40.5 

50 

23.5 

24.7 

28.0 

29.7 

32.4 

34.8 

37.7 

41  .4 

51 

24.1 

25.4 

28.7 

30.5 

33.2 

35.6 

38.6 

42.4 

52 

24.8 

26.1 

29.5 

31.2 

34.0 

36.4 

39.4 

43.3 

53 

25.5 

26.8 

30.2 

32.0 

34.8 

37.3 

40.3 

44.2 

54 

26.2 

27.5 

31.0 

32.8 

35.6 

38.1 

41.2 

45.1 

55 

26.9 

28.2 

31.7 

33.6 

36.4 

jj.O 

42.1 

46.0 

56 

27.6 

28.9 

32.5 

34.3 

37.2 

39.8 

42.9 

47.0 

57 

28.2 

29.6 

33.2 

35.1 

38.0 

40.6 

43.8 

47.9 

58 

28.9 

30.3 

34.0 

35.9 

38.8 

41.5 

44.7 

48.8 

59 

29.6 

31.0 

34.8 

36.7 

39.7 

42.3 

45.6 

49.7 

60 

30.3 

31.7 

35.5 

37.5 

40.5 

43.2 

46.5 

50.6 

61 

31.0 

32.5 

36.3 

38.3 

41.3 

44.0 

47.3 

51.6 

62 

31.7 

33.2 

37.1 

39.1 

42.1 

44.9 

40.2 

52.5 

63 

32.5 

33.9 

37.8 

39.9 

43.0 

45.7 

4° ,  1 

53.4 

64 

33 .2 

34.6 

38.6 

40.6 

43.8 

46.6 

50.0 

54.3 

65 

33.9 

35.4 

39.4 

41.4 

44 . 6 

47.4 

50.9 

55.3 

66 

34.6 

36.1 

40.2 

42.2 

45.4 

48.3 

51.8 

5b.  2 

67 

35.3 

36.8 

40.9 

43.0 

46.3 

49.2 

52.7 

57.1 

58 

36.0 

37.6 

41.7 

43.8 

47.1 

*0.0 

53.5 

58.0 

69 

36.7 

38.3 

42.5 

44.6 

47.9 

50.9 

54.4 

59.0 

70 

37.5 

39.0 

43.3 

45.4 

48.8 

51.9 

55.3 

59.9 

71 

38.2 

39.8 

44 . 1 

46.2 

49.6 

52.6 

56.2 

60.8 

72 

38.9 

40.5 

44.8 

47.] 

50.4 

53.5 

57.1 

61.8 

73 

39.6 

41.3 

45.6 

47.9 

51.3 

3<* .  3 

58.0 

62.7 

74 

40.4 

42.0 

46 . 4 

*8 . 7 

52.1 

55.2 

58.9 

63. 6 

75 

41.1 

42.6 

47.2 

49.5 

52.9 

56.1 

59.8 

64.5 

76 

41.8 

43.5 

48.0 

50.3 

53.3 

56.9 

60.7 

65.5 

77 

42.6 

44.3 

40.8 

51.1 

54.6 

57.8 

61.6 

66.4 

78 

43.3 

45.0 

49.6 

51.9 

55.5 

58.7 

62.5 

67.3 

79 

44.1 

45.8 

50.4 

52.7 

56.3 

59.5 

63.4 

68.3 

00 

44.8 

46.5 

51.2 

53.5 

57.2 

60.4 

64.3 

69.2 

.75 

34.6 

35.6 

36.5 

37.4 

38.4 

39.3 

40.2 

41.1 

42.1 
43.0 

43.9 

44.9 

45.8 

46.7 

47.7 

48.6 

49.6 

50.5 
51.4 
5’. 4 

53.3 

54.2 

55.2 

56.1 

57.1 

58.0 

58.9 

59.9 

60.8 

61.8 

6?. 7 

63.7 

64.6 

65.6 
66.5 

67.4 

60.4 

69.3 

70.3 

71.2 


.70 

35.8 

36.9 

37.7 

38.6 

39.6 

40.5 

41.5 

42.4 

43.4 

44.3 

45.3 

46.2 

47.2 

48.1 

49.1 

50.0 

51.0 

51.9 

52.9 

53.8 

54.8 

55.7 

56.7 

57.6 

58.6 

59.5 

60.5 

61.4 

62.4 

63.3 

64.3 

65.3 
66.2 
67.2 
68.1 

69.1 

70.0 

71.0 

72.0 

72.9 


.60 

38.1 

39.1 
4&.0 
41.0 
42.0 

43.0 

43.9 

44.9 

45.9 

46.9 

47.8 

48.8 

49.8 

50.8 

51.7 

52.7 

53.7 

54.7 

55.6 

56.6 

57.6 

58.6 

59.6 

60.5 

61.5 

62.5 

63.5 

64.4 

65.4 
64.  4 

67.4 

68.  . 

69.2 

70.3 

71.3 

72.3 

73.2 

74.2 

75.2 

76.2 


.50 

40.3 

41.3 

42.3 

43.3 

44.3 

45.3 

46.3 

47.3 

48.3 

49.3 

50.3 

51.3 

52.3 

53.3 

54.3 

55.3 

56.3 

57.3 

58.3 

59.3 

60.3 

61.3 

62.3 

63.3 

64.3 

65.3 

66.3 

67.3 

68.3 

69.3 

70.3 
7i .  3 

72.3 

73.3 

74.3 

75.3 

76.3 

77.3 

78.3 

79.3 
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TABLE  B-7  continued 
PaCIKTILIS  0*  THI  n **  DISTRIBUTION 


^1-a 

.40 

.30 

.025 

.20 

.10 

.05 

.025 

.01 

.005 

.001 

.0005 

41 

42.7 

45.2 

46.7 

48.4 

52.9 

56.9 

60.6 

65.0 

68.1 

74.7 

77.5 

42 

43.7 

46.3 

47.8 

49.5 

54.1 

56  1 

61.8 

66.2 

69.3 

76.1 

78.8 

43 

44.7 

47.3 

48.9 

50.5 

55.2 

59.3 

63.0 

67.5 

70.6 

77.4 

80.2 

44 

45.7 

48.4 

49.9 

51.6 

56.4 

60.5 

64.2 

68.  7 

71.9 

78.7 

81.5 

43 

46.8 

49.5 

51.0 

52.7 

57.5 

61.7 

65.4 

70.0 

73.2 

80.1 

82.9 

44 

47.8 

50.5 

52.1 

53.8 

58.6 

62.8 

66.6 

71.2 

74.4 

81.4 

84.2 

47 

48.8 

51.6 

53.1 

54.9 

59.8 

64.0 

67.8 

72.4 

75.7 

82.7 

85.6 

48 

49.9 

52.6 

54.2 

56.0 

60.9 

65.2 

69.0 

73.7 

77.0 

84.0 

86.9 

49 

50.9 

53.7 

55.3 

57.1 

62.0 

66.  3 

70.2 

74.9 

78.2 

85.4 

88.2 

30 

51.9 

54.7 

56.3 

58.2 

63.2 

67. 5 

71.4 

76.2 

79.5 

86.7 

89.6 

51 

52.9 

55.8 

57.4 

59.2 

64.3 

68.  7 

72.6 

77.4 

80.7 

88.0 

90.9 

52 

53.9 

56.8 

5f  .5 

60.3 

65.4 

69.8 

73.8 

78.6 

82.0 

89.  1 

92.2 

53 

55.0 

57.9 

59.5 

61.4 

66.5 

71.0 

75.0 

79.8 

83.3 

90.6 

93.5 

54 

56.0 

58.9 

60.6 

62.5 

67.7 

72.2 

76.2 

81.1 

84.5 

91.9 

94.8 

55 

57.0 

60.0 

61.7 

63.6 

68.8 

73.3 

77.4 

82.3 

85.7 

93.2 

96.2 

56 

58.0 

61.0 

62.7 

64.7 

69.9 

74.5 

78.6 

83.5 

87.0 

94.5 

97.5 

57 

59.1 

62.1 

63.8 

65.7 

71.0 

75.6 

79.8 

84.7 

88.2 

95.8 

98.8 

38 

60.1 

63.1 

64.9 

66.8 

72.2 

76.8 

80.9 

86.0 

89.5 

97.0 

100.1 

59 

61.1 

64.2 

65.9 

67.9 

73.3 

77.9 

82.1 

87.2 

90.7 

98.3 

101.4 

60 

62.1 

65.2 

67.0 

69.0 

74.4 

79.1 

83.3 

88.4 

92.0 

99.6 

102.7 

61 

63.2 

60.  J 

66.0 

62 

64.2 

67.3 

69.1 

63 

65.2 

6 8.4 

70.2 

64 

66.2 

69.4 

71.2 

65 

67.2 

70.5 

72.3 

66 

66.3 

71.5 

73.  3 

67 

69.3 

72.6 

74.4 

68 

70.3 

73.6 

75.5 

69 

71.3 

74.6 

76.5 

70 

72.4 

75.7 

77.6 

71 

73.4 

76.7 

78.6 

72 

74.4 

77.8 

79.7 

73 

75.4 

78.8 

80.7 

74 

76.4 

79.9 

81.8 

75 

77.5 

80.9 

82.9 

76 

78.5 

82.0 

83.9 

77 

79.5 

83.0 

85.0 

78 

80.5 

84.0 

86.0 

79 

81.5 

85.1 

87.1 

80 

82.6 

86.  1 

88.  1 

70.0 

75.5 

o0.2 

o4.5 

71.1 

76.6 

81 .4 

85.7 

72.2 

77.7 

82.5 

86.8 

73.3 

78.9 

83.7 

88.0 

74.4 

80.0 

84.8 

89.2 

75.4 

81.1 

86.0 

90.  3 

76.5 

82.2 

87.1 

91.5 

77. 6 

83.3 

88.  3 

92.7 

78.6 

84.4 

89.4 

93.9 

79.  7 

85.5 

90.5 

95.0 

80.8 

86.6 

91.7 

96.2 

81.9 

87.7 

92.8 

97.4 

82.9 

88.8 

9'. 9 

98.5 

84.0 

90.0 

95.  1 

99. 7 

85.1 

91.1 

96.2 

100.8 

86.  1 

92.2 

97.4 

102.0 

87.2 

91.3 

98.  5 

103.2 

88.3 

94.4 

99.6 

104.  3 

89.3 

95.5 

100.  7 

105.5 

90.4 

96.6 

101.9 

106. b 

09.0 

93.2 

100.9 

104.0 

OAi  4 

94.4 

102.2 

105.3 

92.0 

95.6 

103  4 

106.6 

93.2 

96.9 

104.7 

107.9 

94.4 

98.1 

106.0 

109. 2 

95.5 

99.  3 

107.3 

110.  5 

96.8 

100.6 

108.  * 

111.7 

98.0 

101.8 

109.8 

113.0 

99.2 

103.0 

111.1 

r.4. 3 

100.4 

104.2 

112.3 

115.6 

101.6 

105.4 

113.6 

116.9 

102.8 

106.6 

114.8 

118.1 

104.0 

107.9 

116.  1 

119.4 

105.2 

109.1 

U7.  3 

120.7 

106.4 

110.  3 

118.6 

:2i.9 

107.6 

111.5 

119.9 

1 7  3 . 2 

108.8 

112.7 

121.1 

124.  5 

110.0 

113.9 

122.3 

125.7 

111  .  1 

115.1 

123.6 

12  7.0 

112.3 

116.  3 

124.8 

128.3 
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d-fX-11  • W95 


81 

*5.5 

82 

46.3 

83 

*7.0 

84 

*7.8 

85 

*8.5 

86 

*9.3 

87 

50.0 

88 

50.8 

89 

51.5 

90 

52.3 

91 

53.0 

92 

53.8 

93 

54.5 

94 

55.3 

95 

56.1 

96 

56.8 

97 

57.6 

98 

58.4 

99 

59.1 

100 

59.9 

TABLE  B-7  continued 


PERCENTILES  Of  THE  x2  DISTRIBUTION 


.999 

.995 

.99 

.975 

.95 

.90 

.80 

.75 

.70 

.60 

.50 

*7.3 

52.0 

54.4 

58.0 

61.3 

65.2 

70.1 

72.2 

73.9 

77.2 

80.3 

*8.0 

48.8 

49.6 

50.3 

52.8 

53.6 

54.4 

55.2 

55.2 

56.0 

56.8 

57.6 

58.8 

59.7 

60.5 

61.4 

62.1 

63.0 

63.9 

64.7 

66.1 

67.0 

67.9 

68.8 

71.1 

72.0 

72.9 

73.9 

73.1 

74.1 

75.0 

76.0 

74.8 

75.8 

76.8 

77.7 

78.1 

79.1 

80.1 

81.1 

81.3 

82.3 

83.3 

84.3 

51.1 

51.9 

52.6 

56.0 

56.8 

57.6 

58.5 

59.3 

60.1 

62.2 

63.1 

63.9 

65.6 

66.5 

67.4 

69.7 

70.6 

71.5 

74.8 

75.7 

76.7 

76.9 

77.9 

78.8 

78.7 

79.6 

80.6 

82.1 

83.0 

84.0 

85.3 

86.3 

87.3 

53.4 

54.2 

58.4 

59.2 

60.9 

61.8 

64.8 

65.6 

68.2 

69.1 

72.4 

73.3 

77.6 

78.6 

79.8 

80.7 

81.6 

82.5 

85.0 

86.0 

88  3 

89. j 

54.9 

60.0 

62.6 

66.5 

70.0 

74.2 

79.5 

81.7 

83.5 

87.0 

90.  3 

55.7 

56.5 

57.2 

58.0 

60.8 

61.6 

62.4 

63.2 

63.4 

64.2 

65.1 

65.9 

67.4 

68.2 

69.1 

69.9 

70.9 

71.8 

72.6 

73.5 

75.1 

76.0 

76.9 

77.8 

80.4 

81.4 

82.3 

83.2 

82.6 

83.6 

84.5 

85.5 

84.4 

85.4 

86.4 

87.3 

88.0 

88.9 

89.9 

90.9 

91.3 

92.3 

93.3 

94.3 

58.8 

59.6 

60.4 

64.1 

64.9 

65.7 

66.7 

67.6 

53.4 

70.8 

71.6 

72.5 

74.4 

75.3 

76.2 

78.7 

79.6 

80.5 

84.2 

85.1 

86.1 

86.4 

87.4 

88.3 

88.3 

89.2 

90.2 

91.9 

92.9 

93.8 

95.3 

96.3 

97.3 

61.1 

61.6 

66.5 

67.3 

69.2 

70.1 

73.4 

74.2 

77.0 

77.9 

81.4 

82.4 

87.0 

87.9 

89.3 

90.2 

91.2 

92.1 

94.8 

95.8 

98.3 

99.3 

MTP  3-1-005 
1  March  1972 


d^ 

.40 

.30 

.25 

SI 

83.6 

87.2 

89.2 

82 

84.6 

38.2 

90.2 

S3 

85.6 

89.2 

91.3 

84 

86.6 

90.3 

92.3 

85 

87.7 

91.3 

93.4 

86 

88.7 

92.4 

94.4 

87 

89.7 

93.4 

95.5 

88 

90.7 

94.4 

96.5 

89 

91.7 

95.5 

97.6 

90 

92.8 

96.5 

98.6 

91 

93.8 

97.6 

99.7 

92 

94.8 

98.6 

100.7 

93 

95.8 

94.6 

101.8 

94 

96.8 

100.7 

102.8 

95 

97.9 

101.7 

103.9 

96 

98.9 

102.8 

104.9 

97 

99.9 

103.8 

106.0 

98 

100.9 

104.8 

107.0 

99 

101.9 

105.9 

108.1 

100 

102.9 

106.9 

109.1 

TABLE  8-7  continued 
PERCENTILES  OP  THE  DISTRIBUTION 


.20 

.10 

.05 

.025 

91.5 

97.7 

103.0 

107.8 

92.5 

98.8 

104.1 

108.9 

93.6 

99.9 

105.3 

110.1 

94.7 

101 .0 

106.4 

111.2 

95.7 

102.1 

107.5 

112.4 

96.8 

103.2 

106.6 

113.5 

97.9 

104.3 

109.8 

114.7 

98.9 

105.4 

110.9 

115.8 

100.0 

106.5 

112.0 

117.0 

101.1 

107.6 

113.1 

118.1 

102.1 

108.7 

114.3 

119.3 

103.2 

109.8 

115.4 

120.4 

104.2 

110.9 

116.5 

121.6 

105.3 

111.9 

117.6 

122.7 

106.4 

113.0 

118.8 

123.9 

107.4 

114.1- 

119.9 

125.0 

108.5 

115.2 

121.0 

126.1 

109.5 

116.3 

122.1 

127.3 

110.6 

117.4 

123.2 

128.4 

111.7 

118.5 

124.3 

129.6 

.01 

.005 

.001 

.0005 

113.5 

117.5 

126.1 

129.5 

114.7 

118.7 

127.3 

130.8 

115.9 

119.9 

128.6 

132.0 

117.1 

121.1 

129.8 

133.3 

118.2 

122.3 

131.0 

134.5 

119.4 

123.5 

132.3 

135.8 

120.6 

124.7 

133.3 

137.0 

121.8 

125.9 

134.7 

138.3 

122.9 

127.1 

136.0 

139.5 

124.1 

128.3 

137.2 

140.8 

125.3 

129.5 

138.4 

142.0 

126.5 

130.7 

139.7 

143.3 

127.6 

131.9 

140.9 

144.5 

128.8 

133.1 

142.1 

145.8 

130.0 

134.2 

143.3 

147.0 

131.1 

135.4 

144.6 

148.2 

132.3 

136.6 

145.8 

149.5 

133.3 

137.8 

147.0 

150.7 

134.6 

139.0 

148.2 

151.9 

135.8 

140.2 

129.4 

1*3.2 

degree* 

freed  on 

and  Z 

la 

a 


For  larger  degree*  of  freedoa; 

*  I 
»]~o  *  2 

given  In  Table  B-4 . 


I  ♦  VT(d~fT  -1)^ 


approximately.  where  d.f. 
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TAIL!  »-«* 

racmius  of  the  r  dist»;»otion 


4.1. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

15 

1 

1.00 

1.50 

1.71 

1.82 

1.89 

1.94 

1.98 

2.00 

2.03 

2.04 

2.07 

2.09 

2 

.647 

1.00 

1.13 

1.21 

1.25 

1.28 

1.30 

1.32 

1.33 

1.34 

1.36 

1.38 

3 

.585 

.881 

1.00 

1.06 

1.10 

1.13 

1.15 

1.16 

1.17 

1.18 

1.20 

1.21 

4 

.549 

.828 

1941 

1.00 

1.04 

1.06 

1.08 

1.09 

1.10 

1.11 

1.13 

1.14 

5 

.528 

.799 

.907 

.965 

1.00 

1.02 

1.04 

1.05 

1.06 

1.0? 

1.09 

1.10 

4 

.515 

.780 

.886 

.942 

.977 

1 .00 

1.02 

1.03 

1.04 

1.05 

1.06 

1.07 

7 

.506 

.767 

.871 

.926 

.960 

.983 

1.00 

1.01 

1.02 

1.03 

1.04 

1.05 

8 

.499 

.757 

.860 

.915 

.948 

.971 

.988 

1.00 

1.01 

1.02 

1.03 

1.04 

9 

.494 

.749 

.852 

.906 

.939 

.962 

.978 

.990 

1 .00 

1.01 

1 .02 

1.03 

10 

.490 

.743 

.845 

.899 

.932 

.954 

.971 

.983 

.992 

1.000 

1.010 

1 .021 

11 

.486 

.739 

.840 

.893 

.926 

.940 

.964 

.977 

.986 

.994 

1.004 

1 .015 

12 

.444 

.735 

.835 

.888 

.921 

.943 

.959 

.972 

.981 

.989 

1.000 

1 .010 

13 

.482 

.733 

.832 

.064 

.917 

.939 

.958 

.969 

.970 

.985 

.995 

1.006 

14 

.480 

.730 

.829 

.381 

.914 

.936 

.955 

.966 

.974 

.981 

.99? 

1 .001 

15 

.478 

.726 

.826 

.878 

.911 

.933 

.940 

.960 

.970 

.977 

.989 

1  .000 

16 

17 

18 

19 

20 

.477 

.476 

.474 

.473 

.472 

.724 

.723 

.722 

.720 

.718 

.824 

.822 

.820 

.818 

.816 

.876 

.074 

.072 

.870 

.068 

.908 

.906 

.904 

.902 

.900 

.930 

.928 

.926 

.924 

.922 

.945 

.942 

.940 

.939 

.938 

.959 

.958 

.956 

.953 

.950 

.969 

.966 

.964 

.962 

.959 

.975 

.973 

.971 

.969 

.966 

.986 

.984 

.981 

.980 

.977 

.997 

.994 

.992 

.990 

.909 

21 

22 

23 

24 

25 

.471 

.470 

.449 

.469 

.469 

.717 

.716 

.715 

.714 

.713 

.815 

.814 

.813 

.812 

.811 

.866 

.865 

.064 

.863 

.862 

.899 

.897 

.895 

.895 

.894 

.921 

.919 

.918 

.917 

.916 

.935 

.934 

.933 

.932 

.931 

.949 

.940 

.946 

.944 

.943 

.958 

.957 

.956 

.953 

.952 

.966 

.965 

.963 

.961 

.961 

.976 

.975 

.974 

.972 

.971 

.987 

.986 

.984 

.98) 

.982 

26 

V 

28 

29 

30 

.468 

.468 

.467 

.446 

.466 

.712 

.711 

.710 

.709 

.709 

.010 

.009 

.809 

.808 

.807 

.661 

.860 

.059 

.859 

.858 

.393 

.892 

.891 

.891 

.890 

.915 

.914 

.914 

.913 

.912 

.930 

.929 

.928 

.927 

.927 

.942 

.941 

.940 

.940 

.939 

.951 

.950 

.950 

.949 

.940 

.960 

.959 

958 

.950 

955 

.970 

.970 

.969 

.968 

.966 

.981 

.980 

.979 

.978 

.978 

40 

50 

*o 

70 

.463 

.462 

.461 

.705 

.703 

.701 

.802 

.800 

.798 

.054 

.851 

.049 

.885 

.683 

.880 

.907 

.904 

.901 

.92? 

.910 

.917 

.934 

.931 

.920 

.943 

.940 

.9.*; 

.950 

.946 

*85 

.961 

.959 

.956 

.972 

.969 

.967 

80 

•  840 

.879 

.900 

•  915 

.927 

.936 

•  945 

.955 

.963 

.047 

.878 

.899 

.914 

.926 

.935 

.944 

.954 
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90 

100 

“ 

- 

.346 

.077 

.8  90 

.913 

.925 

.934 

.943 

.«53 

.  46) 

120 

500 

.458 

.455 

.697 

.693 

.793 

.789 

.845 

.044 

.039 

.076 

.8?5 

.870 

.897 

.396 

.891 

.912 

.912 

.907 

.924 

.923 

.919 

.933 

.932 

.928 

.94  2 

.939 

.937 

.952 

.950 

.947 

.962 

.96! 

.958 

*S ..  Sot#  on  pof«  i- 34. 
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TAIL!  W  continued 

rocnrriLis  or  the  r  oisTniwmow 
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d.f., 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

15 
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5.83 

7.50 

8.20 

8.58 

8.82 

6.98 

9.10 

9.19 

9.26 

9.32 

9.41 

9.49 

2 

2.37 

3.00 

3.15 

3.23 

3.28 

3.31 

3.34 

3.35 

3.37 

3.38 

3.39 

3.41 

) 

2.02 

2.28 

2.36 

2.39 

2.41 

2.42 

2.43 

2.44 

2.44 

2.44 

2.45 

2.46 

4 

1.81 

2.00 

2.03 

2.06 

2.07 

2.08 

2.08 

2.08 

2.08 

2.08 

2.03 

2.08 

5 

1.69 

1.85 

1.89 

1.89 

1.89 

1.89 

1.89 

1.89 

1.89 

1.89 

1.89 

1.89 

t 

1.62 

1.76 

1.79 

1.79 

1.79 

1.78 

1.78 

1.78 

1.77 

1.77 

1.77 

1.76 

7 

1.57 

1.70 

1.72 

1.71 

1.71 

1.71 

1.70 

1.70 

1.69 

1.69 

1.68 

1.68 

8 

1.54 

1.66 

1.66 

1.66 

1.66 

1.65 

1.64 

1.64 

1.64 

1.63 

1.62 

1.62 

» 

1.51 

1.62 

1.63 

1.62 

1.62 

1.61 

1.60 

1.60 

1.59 

1.59 

1.58 

1.57 

10 

1.49 

1.60 

1.59 

1.59 

1.59 

1.58 

1.57 

1.56 

1.56 

1.551 

1.542 

1.532 

11 

1.47 

1.98 

1.57 

1.56 

1.56 

1.55 

1.54 

1.53 

1.53 

1.623 

1.513 

1.503 

12 

1.46 

1.56 

1.55 

1.54 

1.54 

1.53 

1.52 

1.51 

1.51 

1.500 

1.490 

1.479 

13 

1.45 

1.55 

1.54 

1.53 

1.52 

1.51 

1.50 

1.50 

1.49 

1.481 

1.470 

1.458 

14 

1.44 

1.53 

1.53 

1.52 

1.50 

1.49 

1.48 

1.47 

1.47 

1.464 

1.453 

1.441 

15 

1.43 

1.52 

1.52 

1.51 

1.49 

1.48 

1.47 

1.46 

».»« 

1.4jO 

1.438 

1.426 

16 

1.43 

1.52 

1.51 

1.51 

1.48 

1.47 

1.47 

1.45 

1.45 

1.438 

1.426 

1.413 

17 

1.42 

1.51 

1.50 

1.50 

1.47 

1.46 

1.46 

1.45 

1.44 

l.~27 

1.415 

1.401 

18 

1.41 

1.51 

1.50 

1..9 

1.46 

1.46 

1.45 

1.44 

1.43 

1.417 

1.405 

1.391 

18 

1.41 

1.50 

1.49 

1.48 

1.46 

1.45 

1.44 

1.43 

1.42 

1.409 

1.396 

1.382 

20 

1.40 

1.4* 

1.48 

1.47 

1.45 

1.44 

1.43 

1.42 

1.41 

1.401 

1.388 

1.373 

21 

1.44. 

1.4* 

1.48 

1.46 

1.45 

1.43 

1.43 

1.42 

1.40 

1.394 

1.381 

1.366 

22 

1.40 

1.48 

1.47 

1.46 

1.44 

1.43 

1.42 

1.41 

1.39 

1.388 

1.374 

1.359 

23 

1.39 

1.48 

1.47 

1.45 

1.44 

1.42 

2.41 

1.40 

1.39 

1.383 

1.368 

1.353 

24 

1.39 

1.47 

1.46 

1.44 

1.43 

1.41 

1.40 

1.39 

1.38 

1.377 

1.  363 

1.  348 

25 

1.39 

1.47 

1.46 

1.44 

1.43 

1.41 

1.40 

1.34 

1.38 

1.373 

1.354 

1.342 

26 

1.39 

1.47 

1.45 

1.43 

1.43 

1.41 

1.40 

1.39 

1.38 

1.368 

1.354 

1.338 

27 

1.38 

1.46 

1.45 

1.43 

1.42 

1.40 

1.39 

1.38 

1.37 

1.364 

1.349 

1.333 

26 

1.3a 

1.46 

1.44 

1.42 

1.42 

1.40 

1.39 

1.38 

1.37 

’  .360 

1.345 

1.329 

29 

1.36 

1.45 

1.44 

1.42 

1.41 

1.39 

1.33 

1.37 

1.36 

1.357 

1.342 

1.325 

30 

1.38 

1.45 

1.44 

1.42 

1.41 

1.39 

1.38 

1.37 

1.36 

1.354 

1.3  38 

1.322 

40 

1.36 

1.44 

1.42 

1.40 

1.  39 

1.3; 

1.36 

1.35 

1.34 

1.330 

1.314 

1.296 

50 

1.35 

1.43 

1.42 

1.  39 

1.38 

1.  36 

1.35 

1.34 

1.33 

1.316 

1.299 

1.281 

60 

1.35 

1.42 

1.41 

1.38 

1.  37 

1.35 

1.3’ 

1.32 

1.31 

1.306 

1.289 

1.270 

70 

1.35 

1.41 

1.41 

1.38 

1.37 

1.35 

1.  33 

1.32 

1.  31 

1.300 

1.282 

1.263 

90 

1.35 

1.41 

1.40 

1.38 

1.  37 

1.34 

1.32 

1.  31 

1.30 

1.295 

1.277 

1.257 

«0 

1.34 

1.40 

2.40 

1.37 

1.36 

1.34 

1.  32 

1.  31 

1.30 

1.291 

1 .  2  7  3 

1.253 

100 

1.34 

1.40 

1.39 

1.37 

1.36 

1.  33 

1.  31 

1.30 

1.29 

1.288 

1 .270 

1.250 

120 

1.34 

1.40 

1.39 

1.37 

1.35 

1.33 

1.31 

2.30 

1.29 

1.283 

1.26  5 

1.244 

500 

1.32 

1.39 

1.37 

1.35 

1.33 

1.31 

1.29 

1.28 

1.27 

1.266 

1.246 

1.225 
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TAIL!  i-S  continued 

pncarriLKS  or  m  r  DisT»i«mo» 
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-^*•1 

1 

2 

3 

* 

5 

6 

7 

8 

9 

10 

12 

15 

d.rTj 

5.83 

7.50 

8.20 

8.56 

8.82 

8.98 

9.10 

9.19 

9.26 

9.32 

9.41 

9.49 

2 

2.57 

3.00 

3.15 

3.23 

3.28 

3.31 

3.34 

3.35 

3.37 

3.38 

3.39 

3.41 

3 

2.02 

2.28 

2.36 

2.39 

2.41 

2.42 

2.43 

2.44 

2.U 

2.44 

2.45 

2.46 

A 

1.81 

2.00 

2.05 

2.06 

2.07 

2. 08 

2.08 

2.08 

2.09 

2.08 

2.08 

2.08 

3 

1.69 

1.85 

1.89 

i.as 

1.89 

1.89 

1.89 

1.89 

1.69 

1.89 

1.89 

1.89 

« 

1.62 

1.76 

1.79 

1.79 

1.79 

1.78 

1. 78 

1.78 

1.77 

1.77 

1.77 

1.76 

7 

1.57 

1.70 

1.72 

1.71 

1.71 

1.71 

1.70 

1.70 

1.69 

1.69 

1.68 

1.68 

6 

1.56 

1.66 

1.66 

1.66 

1.66 

1.65 

1.64 

1.64 

1.64 

1.63 

1.62 

1.62 

9 

1.51 

1.62 

1.63 

1.62 

1.62 

1.61 

1.60 

1.60 

1.59 

1.59 

1.58 

1.57 

10 

1.69 

1.60 

1.59 

1.59 

1.59 

1.58 

1.57 

1.56 

1.56 

1.551 

1.542 

1.532 

11 

1.67 

1.53 

1.57 

1.56 

1.56 

1.55 

1.54 

1.53 

1.53 

1.523 

1.513 

1.503 

12 

1.66 

1.56 

1.55 

1.54 

1.54 

1.53 

1.52 

1.51 

1.51 

1.500 

1.490 

1.479 

13 

1.65 

1.55 

1.54 

1.53 

1.52 

1.51 

1.50 

1.50 

1.49 

1.481 

1.470 

1.458 

1* 

1.66 

1.53 

1.53 

1.52 

1.50 

1.49 

1.48 

1'.47 

1.47 

1.464 

1.453 

1.441 

15 

1.63 

1.52 

1.52 

1.51 

1.49 

1.68 

1.47 

1.46 

1.46 

1.450 

1.438 

1.426 

16 

1.63 

1.52 

1.51 

1.51 

1.68 

1.47 

1.47 

1.45 

1.45 

1.438 

1.426 

1.413 

17 

1.62 

1.51 

1.50 

1.50 

1.47 

1.46 

1.46 

1.45 

1.44 

1.427 

1.415 

1.401 

It 

1.61 

1.51 

1.50 

1.49 

1.66 

1.46 

1.45 

1.44 

1.43 

1.417 

1.405 

1.391 

19 

1.61 

1.50 

1.69 

1.49 

1.46 

1.45 

1.44 

1.43 

1.42 

1.409 

1.396 

1.382 

20 

1.60 

1.69 

1.48 

1.47 

1.45 

1.66 

1.43 

1.42 

1.41 

1.401 

1.388 

1.373 

21 

1.60 

1.69 

1.48 

1.46 

1.45 

1.43 

1.43 

1.42 

1.40 

1.394 

1.381 

1.366 

22 

1.40 

1.68 

1.47 

1.46 

1.44 

1.43 

1.42 

1.41 

1.39 

1.388 

1.374 

1.353 

23 

1.39 

1.68 

1.47 

1.45 

1.44 

1.42 

1.41 

1.40 

1.39 

1.383 

1.368 

1.353 

26 

1.39 

1.67 

1.46 

1.44 

1.43 

1.41 

1.40 

1.39 

1.38 

1.377 

1.363 

1.348 

25 

1.39 

..67 

1.46 

1.44 

1.43 

1.41 

1.40 

1.39 

1.36 

1.373 

1.358 

1.342 

26 

1.39 

1.67 

1.45 

1.43 

1.43 

1.41 

1.40 

1.39 

1.38 

1.368 

1.354 

1.338 

27 

1.38 

1.66 

1.45 

1.43 

1.42 

1.40 

1.39 

1.38 

1.37 

1.364 

1.349 

1.333 

28 

1.38 

1.66 

1.44 

1.42 

1.42 

1.40 

1 . 39 

1.38 

1.37 

1.  360 

1 . 34*- 

1.329 

29 

1.38 

1.65 

1.46 

1.42 

1.41 

1.39 

1.38 

137 

1.36 

1.357 

1.342 

1.325 

30 

1.38 

1.65 

1.44 

1.42 

1.41 

1.39 

1.38 

1.37 

1.36 

1.354 

1.3-8 

1.322 

*0 

1.36 

1.66 

1.42 

1.40 

1.  J9 

1.37 

1.36 

1.35 

1.34 

1.330 

1.314 

1.296 

50 

1.35 

1.63 

1.42 

1.39 

1.38 

1.36 

1.35 

1.34 

1.33 

1.316 

1.299 

1.281 

60 

1.35 

1.42 

1.41 

1.38 

1.37 

1.35 

1.33 

1.32 

1.31 

1.306 

1.289 

1.270 

70 

1.35 

1.41 

1.41 

1.3a 

1.37 

1.35 

1.33 

1.32 

1.31 

1.300 

1.282 

1.263 

80 

1.35 

1.41 

1.40 

1.38 

1.37 

1.34 

1.32 

1.31 

1.30 

1.295 

1.277 

1.257 

90 

1.36 

1.40 

1.40 

1.37 

1.36 

1.34 

1.32 

1.31 

1.30 

1.291 

1.273 

1.253 

100 

1.36 

1.40 

1.39 

1.37 

1.36 

1.33 

1.31 

1.30 

1.29 

1.288 

1.270 

1.250 

120 

1.36 

1.40 

1.39 

1.37 

1.35 

1.33 

1.31 

1.30 

1.29 

1.283 

1.265 

1.244 

500 

1.32 

1.39 
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TAJLE  1-8  continued 

FacEjrriLEs  or  m  r  distuhtion 
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20 

25 

10 

40 

50 

60 

70 

80 

#0 

100 

120 

500 

9. 54 

9.63 

9.67 

9.71 

9.74 

#.76 

9.76 

9.77 

9.  78 

#.78 

9.80 

#. 

2 

1.4J 

3.41 

1.44 

1.45 

1.45 

3.46 

1.46 

1.46 

1.47 

1.47 

3.47 

1.48 

1 

2.46 

2.46 

2.47 

2.47 

2.47 

2.47 

2.47 

2.47 

2.47 

2.47 

2.47 

2.47 

4 

2.04 

2.08 

2.08 

2.08 

2.08 

2.08 

2.08 

2.08 

2.08 

2.08 

2.08 

2.08 

5 

1.88 

1.88 

1.88 

1.88 

1.88 

1.87 

1.87 

1.87 

1.87 

1.87 

1.87 

1.87 

6 

1.76 

1.75 

1.75 

1.75 

1.75 

1  74 

1.  74 

1.74 

1.-. 

1  .  74 

1.74 

1.74 

7 

1.67 

1.67 

1.46 

1.66 

1.66 

1.65 

1.65 

1.65 

1.65 

1.65 

1.65 

1.65 

8 

1.61 

1.60 

1.60 

1.59 

1.5# 

1.5# 

1.59 

1.58 

1.58 

1.58 

1.58 

1.58 

• 

1.56 

1.56 

1.55 

1.55 

1.54 

1.54 

1.54 

1.53 

1.5! 

1.5) 

1.53 

1.53 

10 

1.522 

1.416 

1.512 

1 .  506 

1.502 

1.500 

1.498 

1.497 

1.496 

1.495 

1.49) 

1.488 

11 

1.4#? 

1.485 

1.480 

1.474 

1  4  70 

1.46  7 

1  .465 

1.46! 

1.462 

1.461 

1.460 

1.454 

12 

1.46  7 

1.45# 

1.454 

1.44  7 

1.441 

1.440 

1.418 

i  .416 

1.4)5 

1 .4  34 

1.4)2 

1.454 

11 

1.446 

1.4  38 

1.4  12 

1.425 

1.420 

1.417 

1.414 

1.411 

1.411 

1.410 

1.408 

1.402 

14 

1.428 

1.41# 

1.411 

1.405 

1.400 

1.  197 

1.194 

1.  19  3 

1.  )#1 

1.  190 

1 . 188 

1.  381 

is 

1.412 

1.401 

l.W 

1.  18# 

1.181 

1.  380 

1.  177 

1.  175 

1.  174 

1.  372 

1.170 

1.  361 

18 

1.  1#8 

1.  18# 

1.182 

1174 

1.  168 

1.  365 

1.  362 

1.  360 

1.158 

1.357 

1.155 

1.  147 

17 

1.  186 

1.  177 

1.  170 

1.  161 

1.  155 

1.151 

1  .  148 

1.  146 

1.  344 

1.  141 

1.  141 

1.1)1 

18 

1.176 

1.  166 

1.  15# 

1.  149 

1.141 

1.11# 

1  .  1)6 

1.  114 

1.  112 

1.1)1 

1.  329 

1  •  120 

19 

1  .  !♦  6 

1  '56 

1.  14# 

1.11# 

1.  in 

1  .  129 

1.  126 

1.121 

1.  121 

l.  120 

1.  318 

1.  108 

20 

1.157 

1.  147 

1.  140 

i.  no 

l.  121 

».  119 

1.  116 

1.11! 

1.  Ill 

1 .  no 

1.  107 

1 . 2  #8 

21 

1.  150 

1.11# 

1.  Ill 

1.  121 

1.  115 

1.  no 

1.  107 

1.  104 

1.102 

1 .  301 

1.298 

1 . 28# 

22 

l.i.l 

1. 112 

l.  124 

i.  in 

1.  107 

1. 10? 

1 . 29# 

1.296 

1  .  294 

1.291 

1.2#0 

1.280 

2) 

* .  m 

1 .  125 

1.  117 

1.  306 

1  .  300 

1.2#5 

1.291 

1.289 

1.287 

1.285 

1 . 282 

1.2  7? 

24 

l.  no 

1.  11# 

1.111 

l .  inn 

1.2#! 

1 . 288 

1 . 285 

1 . 282 

1.280 

1.278 

1.275 

1.265 

2% 

1.  125 

1.  11  1 

1.  V>5 

1 . 2#4 

1.287 

1.282 

1.278 

1.2  75 

1.271 

1.271 

1.26# 

1.258 

28 

1.  120 

1.  '08 

i .  mo 

1  .  288 

1.281 

1.276 

1.277 

1.2  V, 

1.26  7 

1.265 

1  . 26  1 

1.251 

27 

i.  m 

1  .  101 

i .  ?#5 

1.281 

1.276 

1.27| 

1.267 

1.244 

1 .262 

I  .  260 

1.257 

1.245 

2" 

i.Ml 

1  .?## 

l .  ?#n 

1.2'# 

1.271 

1 . 246 

l .  262 

1.259 

1.25' 

l  .255 

1.252 

1.24,1 

2# 

1 .  W7 

1  .  J#5 

1.284 

1.274 

1  .  246 

1.241 

1.257 

1.254 

1 .252 

*  .250 

1.24  7 

l  .2  35 

;n 

i .  mi 

1  .?#! 

1.282 

1.270 

1 . 262 

1.257 

1  .  251 

1.250 

3.247 

1.245 

1 . 242 

1 . 2  V» 

40 

1.276 

1.242 

1.25? 

1 .  1# 

! .  210 

1 .224 

1.220 

1.216 

1.211 

1.231 

!  .  2 on 

1  .  I#1 

V 

1.25# 

1.245 

1.2  15 

1.22" 

1.211 

1.204 

1  .  1## 

1.196 

l  .1#? 

1  .  l#o 

1.186 

1  .  :  70 

40 

1 . 248 

1.211 

1.221 

1 . 206 

1.1#" 

1.  191 

1 .  185 

1.18J 

1  ■  17# 

,.175 

3.171 

1.15  3 

70 

1 . 240 

1  -  725 

1.214 

I  .  1  #4 

1.  1"8 

1  .  181 

1.1  '5 

l.Kl 

1  .  16' 

1  .  164 

1  .  160 

1  .  U| 

#0 

1.215 

J  .21# 

1.20  7 

1 .  !#l 

1.1*1 

1.171 

1  .  1 4  7 

1.16! 

1  .15# 

J  -  156 

1  .152 

l.ni 

40 

1  .  2  10 

1.214 

1.20? 

1  .  184 

1.  1'5 

:.  16? 

I  .  161 

1  .  15' 

3.15) 

1.150 

l  .  US 

1.3  24 

ino 

1 .224 

1.210 

1.1*8 

1  .  182 

1.170 

1  .  182 

1.156 

5.15? 

1  .1*8 

1.144 

1.13# 

1.11' 

120 

1-221 

1 . 204 

1 .  1  #2 

1.175 

1  .  161 

5.155 

1.14# 

1.144 

1.140 

1.  1  16 

1.  1  11 

1  .  107 

500 

1.1## 

1.18! 

1.148 

1  -  14# 

1.116 

1.126 

1.138 

1 . » 1 2 

1.107 

1  .  101 

1  -OQ6 

1 . 06  2 
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TAILS  6-8  continued 
PHtCEMTlLES  OP  THE  7  DIST81WTIC. 

P.|0 


2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

15 

4f*‘  2^ 

‘  3.75 

3.26 

3.31 

3.36 

3.41 

3.45 

3.46 

3.50 

3.52 

3.55 

3.58 

3 

3.60 

2.92 

2.87 

2.87 

2.88 

2.89 

2.90 

2.90 

2.91 

2.92 

2.92 

4 

3.24 

2.55 

2.48 

2.46 

2.45 

2.45 

2.45 

2.45 

2.44 

2.44 

2.44 

5 

3.03 

2.35 

2.26 

2.23 

2.21 

2.20 

2.19 

2.19 

2.19 

2.18 

2.17 

4 

2.90 

2.22 

2.12 

2.08 

2.% 

2.05 

2.04 

2.03 

2.03 

2.02 

2.01 

7 

2. So 

2.13 

2.03 

1.98 

1.96 

1.94 

1.93 

1.92 

1.92 

1.90 

1.89 

8 

2.73 

2.06 

1.96 

1.91 

1.89 

1.87 

1.86 

1.85 

1.84 

1.82 

1.81 

9 

2.68 

2.02 

1.91 

1.86 

1.83 

1.81 

1.80 

1.79 

1.78 

1.76 

1.75 

10 

2.64 

1.98 

1.87 

1.82 

1.79 

1.77 

1.75 

1.74 

1.73 

1.72 

1.72 

U 

2.60 

1.95 

1.83 

1 . 79 

1.76 

1.73 

1.72 

1.70 

1.69 

1.69 

1.69 

12 

2 . 58 

1.92 

1.81 

1.76 

1.73 

1.71 

1.69 

1.68 

1.66 

1.65 

1.65 

n 

2.55 

1.90 

1.78 

1.73 

1.70 

1.68 

1.66 

1.64 

1.63 

1.62 

1.60 

14 

2.53 

1.88 

1.76 

1.71 

1.69 

1.66 

1.64 

1.62 

1.61 

1.59 

1.57 

15 

2.52 

1.07 

1.75 

1.70 

1.68 

1.64 

1.62 

1.61 

1.60 

1.58 

1.56 

14 

2.50 

1.85 

1.74 

1.68 

1.65 

1.62 

1.60 

1.59 

1.58 

1.56 

1.54 

17 

2.49 

1.84 

1.72 

1.67 

1.63 

1.61 

1.59 

1.58 

1.56 

1.54 

1.52 

18 

2.48 

1.83 

1.71 

1.66 

1.62 

1.60 

1.58 

1.56 

1.55 

1.53 

1.51 

19 

2.47 

1.02 

1.70 

1.65 

1.61 

1.59 

1.57 

1.55 

1.54 

1.52 

1.50 

20 

2.46 

1.82 

1.70 

1.64 

1.61 

1.58 

1.56 

1.55 

1.53 

1.51 

1.49 

21 

2.45 

1.81 

1.69 

1.63 

1.60 

1.57 

1.55 

1.53 

1.52 

1.50 

1.48 

22 

2.44 

1.00 

1.68 

1.62 

1.59 

1.56 

1.54 

1.53 

1.51 

1.49 

1.47 

23 

2.44 

1.79 

1.67 

1.62 

1.58 

1.56 

1.53 

1.52 

1.50 

1.48 

1.46 

24 

2.43 

1.79 

1.67 

1.61 

1.58 

1.55 

1.53 

1.52 

1.50 

1.48 

1.46 

25 

2.43 

1.78 

1.66 

1.61 

1.57 

1.54 

1.52 

1.51 

1.45 

1.47 

1.44 

24 

2.42 

1.78 

1.66 

1.60 

1.56 

1.54 

1.52 

1.50 

1.49 

1.46 

1.44 

27 

2.42 

1.77 

1.65 

1.60 

1.56 

1.53 

1.51 

1.49 

1.48 

1.46 

1.43 

28 

2.41 

1.77 

1.65 

1.59 

1.56 

1.53 

1.51 

1.49 

1.48 

1.45 

1.43 

29 

2.41 

1.77 

1.65 

1.59 

1.55 

1.53 

1.50 

1.49 

1.47 

1.45 

1.42 

30 

2.41 

1.77 

1.64 

1.59 

1.55 

1.52 

1.50 

1.48 

1.47 

1.45 

1.42 

40 

2.38 

1.74 

1.62 

1.56 

1.53 

1.50 

1.47 

1.46 

1.44 

1.42 

1.39 

SO 

2.36 

1.7  3 

1.60 

1.54 

1.50 

1.47 

1.45 

1.43 

1.42 

1.39 

1.36 

40 

2.36 

1.72 

1.60 

1.54 

1.50 

1.47 

1.44 

1.43 

1.41 

1.38 

1.36 

70 

2.  34 

1.7] 

1.59 

1.53 

1.49 

1.46 

1.43 

1.41 

1.40 

1.37 

1.34 

90 

7.  34 

l.?0 

1.58 

1  .57 

1.48 

1.45 

1.43 

1.41 

1.39 

1.36 

1.33 

90 

2.  33 

1.70 

1.S8 

1.52 

1.48 

1.45 

1.47 

1.40 

t.  39 

1.36 

1.33 

100 

2.3  3 

1  -  70 

1.57 

1.51 

1.47 

1.44 

1.42 

1.40 

1.38 

1.35 

1.33 

120 

7.  33 

1  .  70 

l.s: 

1.51 

1.47 

1.44 

1  42 

1.40 

1.38 

1.35 

1.32 

son 

2.  U 

1.68 

1.54 

1.49 

1  .45 

1.42 

1.40 

1.37 

1.  36 

1.33 

1.30 
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*  t  TABLE  B-0  continued 

PERCENTILES  OE  THE  F  DISTRIBUTION 

r.$Q 


20 

25 

30 

40 

50 

60 

70 

80 

90 

100 

120 

500 

4*fa> 

3.60 

3.61 

3.63 

3.65 

3.66 

3.66 

3.66 

3.66 

3.67 

3.68 

3.68 

3.69 

3 

2.93 

2.93 

2.94 

2.94 

2.95 

2.95 

2.95 

2.95 

2.95 

2.95 

2.96 

2.96 

4 

2.44 

2.44 

2.44 

2.44 

2.44 

2.44 

2.44 

2.43 

2.43 

2.43 

2.43 

2.43 

3 

2.17 

2.16 

2.16 

2.16 

2.16 

2.16 

2.15 

2.15 

2.15 

2.15 

2.15 

2.15 

6 

2.00 

1.99 

1.99 

1.98 

1.98 

1.98 

1.97 

1.97 

1.97 

1.97 

1.97 

1.97 

7 

1.88 

1.87 

1.87 

1.06 

1.86 

1.86 

1.85 

1.85 

1.85 

1.85 

1.85 

1.84 

8 

1.80 

1.78 

1.78 

1.77 

1.77 

1.77 

1.76 

1.76 

1.76 

1.70 

1.76 

1.75 

9 

1.73 

1.72 

1.72 

1.71 

1.70 

1.70 

1.69 

1.69 

1.69 

1.69 

1.69 

1.68 

10 

1.682 

1.671 

1.664 

1.654 

1.648 

1.644 

1.641 

1.639 

1.637 

1.636 

1.634 

1.626 

11 

1.642 

1.630 

1.622 

1.612 

1 . 605 

1.601 

1 . 598 

1.595 

1.593 

1.592 

1.590 

1.581 

12 

1.606 

1.596 

1.588 

1.577 

1.570 

1.565 

1.562 

1.559 

1.557 

1.555 

1.533 

1.543 

13 

1.580 

1.568 

1.559 

1.547 

1.540 

1.535 

1.531 

1.528 

1.526 

1.525 

1.522 

1.512 

14 

1.557 

1.543 

1.534 

1.522 

1.514 

1.509 

1.505 

1.502 

1.500 

1.498 

1.495 

1.485 

15 

1.536 

1.522 

1.513 

1.500 

1.492 

1.487 

1.483 

1.480 

1.477 

1.475 

1.472 

1.461 

16 

1.518 

1.504 

1 .494 

i  .481 

1.473 

1.467 

1.463 

1.460 

1.457 

1.455 

1.452 

1.440 

17 

1.503 

1.488 

1.477 

1.464 

1.455 

1 .450 

1.445 

1.442 

1.439 

1.437 

1.434 

1.422 

18 

1.489 

1.474 

1.46? 

1.449 

1.440 

1 .434 

1.430 

1.426 

1.424 

1.422 

1.418 

1.406 

19 

1.476 

1.461 

1.4  50 

1.436 

1.427 

1.420 

1.416 

1.412 

1.410 

1.407 

1.404 

1.391 

20 

1.465 

1.449 

1.438 

1.423 

1.414 

1.408 

1.403 

1 .400 

1.397 

1.395 

1.391 

1.377 

21 

i  .455 

1.439 

»  427 

1.413 

1.403 

1.397 

1.392 

1 .  388 

1.385 

1.383 

1.379 

1.365 

22 

1 .446 

1.429 

1.  VI 8 

1.403 

1.393 

1 . 186 

1.381 

1.378 

1.375 

1.372 

1.369 

1.354 

2? 

1.437 

1.421 

l .  409 

1.393 

1.384 

1.377 

1.372 

1.368 

1.365 

1.362 

1.359 

1.344 

24 

1.430 

1.413 

1.401 

1.385 

1.375 

1.368 

1 .363 

1.359 

1.356 

1.353 

1.350 

1.334 

25 

1.423 

1.406 

1.393 

1.377 

1.367 

1.360 

1.355 

1.351 

1 .348 

1.345 

1.341 

1.326 

26 

1.416 

1.399 

1.307 

1.370 

1.360 

1.353 

1.347 

1.34  3 

1.340 

1.337 

1.333 

1.318 

27 

1.410 

1.393 

1.300 

1.364 

1.353 

1 .346 

1.340 

1.336 

1.333 

1.330 

1.326 

1.310 

28 

1.405 

1.387 

1.374 

1.357 

1.343 

1.339 

1.334 

i.:)0 

1 . 324 

1.324 

1.319 

1.303 

29 

1.400 

1.302 

1.369 

1.352 

1.341 

1.333 

1 .  328 

1.323 

1.320 

1.317 

1.313 

1.296 

30 

1.395 

1.377 

1.364 

l  346 

1.335 

1.328 

1.322 

1.318 

1.314 

1.311 

1.307 

1.290 

;o 

I .  .’60 

1.340 

1.326 

1.307 

1.295 

1.2So 

1.280 

1.275 

1.271 

1.268 

1.263 

1.24. 

50 

1.339 

1  .  318 

1.303 

1.283 

1.270 

1.261 

1.254 

1.249 

1.245 

1.241 

1.236 

1.214 

60 

1.324 

1 .  303 

1.288 

1.267 

1.253 

1.244 

1.236 

1.231 

1.226 

1.222 

1.217 

1.19) 

70 

1.  314 

1.293 

1.277 

1.255 

1.251 

1.231 

1.223 

1.218 

1.213 

1.209 

1  .203 

1.177 

80 

1.307 

1.285 

1.269 

1.246 

1.2)2 

1.221 

1.214 

1.207 

1.203 

1.198 

1.192 

1.165 

90 

1.301 

1.278 

1.262 

1.240 

1.225 

1.214 

1.206 

1.199 

1.194 

1.190 

1.184 

1.156 

100 

1.296 

1.273 

1.257 

1  .2  34 

1.219 

1.208 

1.200 

1.193 

1.188 

1.183 

1.177 

1.148 

120 

1.289 

1  .2*4 

1.249 

1.225 

1.210 

1.199 

1.190 

1.183 

1.178 

1.173 

1.166 

1.135 

500 

1.262 

1.237 

1.219 

1.193 

1.175 

1.162 

1.152 

1.143 

1.137 

1.131 

1.122 

1.078 
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TABLES  B-8  continued 
PERCENTILES  OP  THE  F  DISTRIBUTION 
*••5 


1  2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

15 

2  2 

5.52 

4.84 

4.91 

5.00 

5.06 

5.12 

5.16 

5.20 

5.22 

5.26 

5.31 

3 

4.72 

3.83 

3.76 

3.75 

3.75 

3.76 

3.77 

3.77 

3.77 

3.78 

3.79 

4 

4.10 

3.21 

3.10 

3.06 

3.04 

3.03 

3.03 

3.02 

3.02 

3.01 

3.00 

5 

3.75 

2.88 

2.75 

2.70 

2.67 

2.65 

2.64 

2.63 

2.62 

2.61 

2.60 

6 

3.54 

2.67 

2.54 

2.49 

2.45 

2.43 

2.41 

2.40 

2.39 

2.37 

2.35 

7 

3.39 

2.55 

2.41 

2.34 

2.30 

2.28 

2.26 

2.24 

2.23 

2.21 

2.19 

8 

3.29 

2.46 

2.31 

2.24 

2.20 

2.17 

2.15 

2.13 

2.12 

2.10 

2.08 

9 

3.21 

2.39 

2.24 

2.17 

2.12 

2.09 

2.07 

2.05 

2.03 

2.01 

1.99 

10 

3.15 

2.33 

2.18 

2.11 

2.06 

2.03 

2.01 

1.99 

1.971 

1.946 

1.921 

11 

3.10 

2.29 

2.14 

2.06 

2.02 

1.98 

1.96 

1.94 

1.919 

1.894 

1.866 

12 

3.06 

2.26 

2.10 

2.02 

1.98 

1.94 

1.92 

1.89 

1.877 

1.851 

1.824 

13 

3.03 

2.23 

2.07 

1.99 

1.94 

1.91 

1.88 

1.86 

1.842 

1.814 

1.788 

14 

3.00 

2,20 

2.04 

1.97 

1.92 

1.88 

1.85 

1.83 

1.813 

1.786 

1.755 

15 

2.98 

2.18 

2.02 

1.94 

1.89 

1.86 

1.83 

1.81 

1.787 

1.759 

1.729 

16 

2.96 

2.16 

2.00 

1.92 

1.87 

1.84 

1.81 

1.78 

1.776 

1.759 

1.705 

17 

2.94 

2.15 

1.99 

1.91 

1.86 

1.82 

1.79 

1.77 

1.747 

1.717 

1.685 

18 

2.93 

2.13 

1.97 

1.89 

1.84 

1.80 

1.77 

1.75 

1.729 

1 . 700 

1.668 

19 

2.91 

2.12 

1.96 

1.88 

1.83 

1.79 

1.76 

1.73 

1.716 

1.685 

1.652 

20 

2.90 

2.11 

1.95 

1.87 

1.81 

1.78 

1.75 

1.72 

1.702 

1.670 

1.637 

21 

2.89 

2.10 

1.94 

1.86 

1.80 

1.76 

1.73 

1.71 

1.690 

1.658 

1.625 

22 

2.88 

2.09 

1.93 

1.85 

1.79 

1.75 

1.72 

1.70 

1.678 

1.647 

1.612 

23 

2.87 

2.08 

1.92 

1.84 

1.78 

1.74 

1.71 

1.69 

1.668 

1.637 

1.603 

24 

2.86 

2.08 

1.91 

1.83 

1.78 

1.74 

1.71 

1.68 

1.660 

1.627 

1.593 

25 

2.85 

2.07 

1.90 

1.82 

1.77 

1.73 

1.70 

1.67 

1.652 

1.619 

1.584 

26 

2.85 

2.06 

1.90 

1.81 

1.76 

1.72 

1.69 

1.67 

1.643 

1  oil 

1.576 

27 

2.84 

2.06 

1.89 

1.81 

1.75 

1.71 

1.68 

1.66 

1.637 

1.603 

1.568 

28 

2.83 

2.05 

1.89 

1.80 

1.75 

1.71 

1.68 

1.65 

1.630 

1.596 

1.562 

29 

2.83 

2.05 

1.88 

1.80 

1.74 

l./O 

1.67 

1.65 

1.624 

1.590 

1.555 

30 

2.82 

2.04 

1.88 

1.79 

1.74 

1.70 

1.67 

1.64 

1.619 

1.585 

1.549 

40 

2.79 

2.01 

1.8a 

1.76 

1.70 

1.66 

1.63 

1.60 

1.577 

1.543 

1.505 

50 

2.76 

1.99 

1.82 

1.74 

1.68 

1.64 

1.60 

1.58 

1.554 

1.518 

1.479 

60 

2.75 

1.98 

1.81 

1.72 

1.67 

1.62 

1.59 

1.56 

1.538 

1.502 

1.462 

70 

2.74 

1.97 

1.80 

1.71 

1.65 

1.61 

1.58 

1.55 

1.526 

1.490 

1.450 

80 

2.73 

1.96 

1.79 

1.71 

1.65 

1.60 

1.57 

1.54 

1.518 

1.481 

1.440 

90 

1.95 

1.79 

1.70 

1.64 

1.60 

1.56 

1.54 

1.511 

1.474 

1.433 

100 

2.72 

1.95 

1.76 

1.70 

1.64 

1.59 

1.56 

1.53 

1.506 

1.469 

1.427 

120 

2.72 

1.94 

1.78 

1.69 

1.63 

1.59 

1.55 

1.52 

1.499 

1.460 

1.419 

500 

2.67 

1.92 

1.75 

1.66 

1.60 

1.56 

1.52 

1.49 

1.469 

1.430 

1.386 
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TABLE  5-8  continued 
PERCENTILES  OP  THE  P  DISTRIBUTION 
*.85 


f 

2C 

25 

30 

40 

50 

60 

70 

80 

90 

100 

120 

500 

T* 

5.35 

5.38 

5.39 

5.41 

5.42 

5.44 

5.44 

5.45 

5.45 

5.45 

5.46 

5.47 

3 

3.80 

3.80 

3.80 

3.81 

3.81 

3.81 

3.81 

3.81 

3.81 

3.81 

3.82 

3.82 

4 

3.00 

2.99 

2.99 

2.99 

2.99 

2.98 

2.98 

2.98 

2.98 

2.98 

2.98 

2.98 

5 

2.58 

2.58 

2.57 

2.56 

2.56 

2.55 

2.55 

2.55 

2.55 

2.55 

2.54 

2.54 

6 

2.33 

2.32 

2.32 

2.31 

2.30 

2.30 

2.30 

2.29 

2.29 

2.29 

2.29 

2.28 

7 

2.17 

2.16 

2.15 

2.14 

2.13 

:  .13 

2.12 

2.12 

2.12 

2.11 

2.11 

2.10 

8 

2.05 

2.04 

2.03 

2.01 

2.01 

2.00 

2.00 

2.00 

1.99 

1.99 

1.99 

1.98 

9 

1.96 

1.95 

1.94 

1.92 

1.91 

1.91 

1.90 

1.90 

1.90 

1.90 

1.89 

1.88 

10 

1.894 

1.877 

1.866 

1.851 

1.842 

1.836 

1.331 

1.827 

1.825 

1.823 

1.820 

1.807 

11 

1.838 

1.822 

1.809 

1.793 

1.784 

1.777 

1.771 

1.768 

1.766 

1.764 

1.761 

1.747 

12 

1.793 

1.775 

1.762 

1.745 

1.736 

1.729 

1.724 

1.721 

1.717 

1.714 

1.710 

1.697 

13 

1.755 

1.736 

1.724 

1. 7^7 

1.606 

1.688 

1.683 

1.68  n 

1.676 

1.673 

1.570 

1.655 

14 

1.724 

1.704 

1.690 

1.675 

1.661 

1.653 

1.648 

1.645 

1.642 

1.638 

1.635 

1.619 

15 

1.697 

1.676 

1.661 

1.643 

1.632 

1.624 

1.619 

1.614 

1.611 

1.608 

1.604 

1.588 

16 

1.673 

1.652 

1.637 

1.619 

1.606 

1.598 

1.592 

1.588 

1.534 

1.582 

1.577 

1.560 

17 

1.652 

1.630 

1.616 

1.596 

1.584 

1.576 

1.569 

1.565 

1.562 

1.558 

1.554 

1.537 

18 

1.633 

1.611 

1.596 

1.576 

1.563 

1.555 

1.549 

1.5,4 

1.540 

1.537 

1.532 

1.515 

19 

1.617 

1.595 

1.579 

1.558 

1.546 

1.537 

1.531 

1.526 

1.521 

1.518 

1.514 

1.496 

20 

1.603 

1.579 

1.563 

1.543 

1.529 

'.520 

1.514 

1.509 

1.505 

1.502 

1.497 

1.478 

21 

1.588 

1.566 

1.549 

1.528 

1.515 

1.506 

1.499 

1.494 

1.490 

1.487 

1.482 

1.462 

22 

1.577 

1.554 

1.537 

1.515 

1.502 

1.493 

1.485 

1.481 

1.476 

1.474 

1.468 

1.447 

23 

1.566 

1 .541 

1.676 

I  .  603 

1.490 

1.479 

1.474 

1.468 

1.463 

1.460 

1.454 

1.434 

24 

1.555 

1.532 

1.514 

1.493 

1.478 

1.469 

1.462 

1.456 

1.452 

1.4,9 

1.443 

1.423 

25 

1.546 

1.521 

1.505 

1.482 

1.468 

1.459 

1.452 

1.446 

3.441 

1.437 

1.433 

1.411 

26 

1.538 

1.512 

1.496 

1.474 

1.459 

1.449 

1.441 

1.436 

1.431 

1.427 

1.423 

1.400 

27 

1.529 

1.505 

1.487 

1.465 

1.450 

1.440 

1.433 

1.427 

1.421 

1.419 

1.413 

1.390 

28 

1.523 

1.497 

1.479 

1.456 

1.441 

1.431 

1.424 

1.419 

1.413 

1.410 

1.404 

1.382 

29 

1.515 

1.490 

1.472 

1.449 

1.434 

1.424 

1.416 

1.410 

1.406 

1.402 

1.396 

1.373 

JO 

1.509 

1.484 

1.466 

1.441 

1.427 

1.416 

1.409 

1.403 

1.397 

1.395 

J  .388 

1.366 

40 

1.463 

1.437 

1.417 

1.392 

1.375 

1.363 

1.355 

1.348 

1.343 

1.339 

1.332 

1.306 

50 

1.436 

1.407 

1.388 

1.360 

1.  343 

1.331 

1.321 

1.315 

1.308 

1.304 

1.296 

1.268 

60 

1.419 

1.389 

1.368 

1.340 

1.321 

1.308 

1.299 

1.291 

1.285 

1.280 

1.273 

1.242 

70 

1.404 

1.375 

1.  353 

1.325 

1.  306 

1.293 

1.282 

1.275 

1.268 

1.263 

1.256 

1.222 

80 

1.395 

1.  364 

1.343 

1.313 

1.294 

1.280 

1.269 

1.262 

1.256 

1.249 

1.242 

1.206 

90 

1.388 

1.357 

1.335 

1.304 

1.285 

1.271 

1.259 

1.252 

1.244 

1.239 

1.231 

1.194 

100 

1.  381 

1.351 

1.328 

1.298 

1.277 

1.263 

1.252 

1.243 

1.237 

1.231 

1.222 

1.184 

120 

1.373 

1.341 

1.319 

1.286 

1.266 

1.251 

1.239 

1.231 

1.223 

1.217 

1.209 

1.168 

500 

1.337 

1.304 

1.280 

1.244 

1.221 

1.204 

1.191 

1.180 

1.172 

1.165 

1.153 

1.097 
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TABLE  B-8  continued 
PERCENTILES  OF  THE  F  DISTRIBUTION 
*.90 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

15 

39.86 

49.50 

53.59 

55.83 

57.24 

58.20 

58.91 

59.44 

S''.  86 

60.19 

60.71 

61.22 

2 

8.53 

9.00 

9.16 

9.24 

9.29 

9.33 

9.35 

9.37 

9.38 

9.39 

9.41 

9.42 

3 

5.54 

5.46 

5.39 

5.34 

5.31 

5.28 

5.27 

5.25 

5.24 

5.23 

5.22 

5.20 

4 

4.54 

4.32 

4.19 

4.11 

4.05 

4.01 

3.98 

2  95 

3.94 

3.92 

3.90 

3.87 

5 

4.06 

3.78 

3.62 

3.52 

3.45 

3.40 

3.37 

3.34 

3.32 

3.30 

3.27 

3.24 

6 

3.78 

3.46 

3.29 

3.18 

3.11 

3.05 

3.01 

2.98 

2.96 

2.94 

2.90 

2.87 

7 

3.59 

3.26 

3.07 

2.96 

2.88 

2.83 

2.78 

2.75 

2.72 

2.70 

2.67 

2.63 

S 

3.46 

3.11 

2.92 

2.81 

2.73 

2.67 

2.62 

2.59 

2.56 

2.50 

2.50 

2.46 

9 

3.36 

3.01 

2.81 

2.69 

2.61 

2.55 

2.51 

2.47 

2.44 

2.42 

2.38 

2.34 

10 

3.29 

2.92 

2.73 

2.61 

2.5: 

2.46 

2.41 

2.38 

2.35 

2.32 

2.28 

2.24 

11 

3.23 

2.86 

2.66 

2.54 

2.45 

2.39 

2.34 

2.30 

2.27 

2.25 

2.21 

2.17 

12 

3.18 

2.81 

2.61 

2.48 

2.39 

2.33 

2.28 

2.24 

2.21 

2.19 

2.15 

2.10 

13 

3.14 

2.76 

2.56 

2.43 

2.35 

2.28 

2.23 

2.20 

2.16 

2.14 

2.10 

2.05 

14 

3.10 

2.73 

2.52 

2.39 

2.31 

2.24 

2.19 

2.15 

2.12 

2.10 

2.05 

2.01 

15 

3.07 

2.70 

2.49 

2.36 

2.27 

2.21 

2.16 

2.12 

2.09 

2.06 

2.32 

1.97 

16 

3.05 

2.67 

2.46 

2.33 

2.24 

2.18 

2.13 

2.09 

2.06 

2.03 

1.99 

1.94 

17 

3.03 

2.64 

2.44 

2.31 

2.22 

2.15 

2.10 

2.06 

2.03 

2.00 

1.96 

1.91 

18 

3.01 

2.62 

2.42 

2.29 

2.20 

2.13 

2.08 

2.04 

2. CO 

1.98 

1.93 

1.89 

19 

2.99 

2.61 

2.40 

2.27 

2.18 

2.11 

2.06 

2.02 

1.98 

1.96 

1.91 

1.86 

n 

2.97 

2.59 

2.38 

2.25 

2.16 

2.09 

2.04 

2.00 

1.96 

1.94 

1.89 

1.84 

21 

2.96 

2.57 

2.36 

2.23 

2.14 

2.08 

2.02 

1.98 

1.95 

1.92 

1.87 

1.83 

22 

2.95 

2.56 

2.35 

2.22 

2.13 

2.06 

2.01 

1.97 

1.93 

1.90 

1.86 

1.81 

23 

2.94 

2.55 

2.34 

2.21 

2.11 

2.05 

1.99 

1.95 

1.92 

1.89 

1.84 

1.80 

24 

2.93 

2.54 

2.33 

2.19 

2.10 

2.04 

1.98 

1.94 

1.91 

1.86 

1.83 

1.78 

25 

2.92 

2.53 

2.32 

2.  IS 

2.09 

2.02 

1.97 

1.93 

1.89 

1.87 

1.82 

1.77 

26 

2.91 

2.52 

2.31 

2.17 

2.08 

2.01 

1.96 

1.92 

1.88 

1.86 

1.81 

1.76 

27 

2.90 

2.51 

2.30 

2.17 

2.07 

2.00 

1.95 

1.91 

1.87 

1.85 

1.80 

1.75 

28 

2.89 

2.50 

2.29 

2.16 

2.06 

2.00 

1.94 

1.90 

1.87 

1.84 

1.79 

1.74 

29 

2.89 

2.50 

2.28 

2.15 

2.06 

1.99 

1.93 

1.39 

1.86 

1.83 

1.78 

1.73 

30 

2.88 

2.49 

2.28 

2.14 

2.05 

1.98 

1.93 

1.88 

1.85 

1.82 

1.77 

1.72 

40 

2.84 

2.44 

2.23 

2.09 

2.00 

1.93 

1.87 

1.83 

1.79 

1.76 

1.71 

1.66 

50 

2.82 

2.42 

2.21 

2.07 

1.99 

1.91 

1.85 

1.80 

1.76 

1.73 

1.68 

1.62 

60 

2.79 

2.39 

2.18 

2.04 

1.95 

1.87 

1.82 

1.77 

1.74 

1.71 

1.66 

1.60 

70 

- 

- 

- 

2.08 

1.96 

1.87 

1.81 

1.76 

1.72 

1.69 

1.64 

1.58 

80 

- 

- 

- 

2.07 

l.«5 

1.86 

1.80 

1.75 

1.71 

1.68 

1.63 

1.56 

90 

- 

- 

- 

2.06 

1.94 

1.85 

1.79 

1.74 

1.70 

1.67 

1.62 

1.56 

100 

- 

- 

- 

2.06 

:.93 

1.85 

1.79 

1.74 

1.70 

1.66 

1.61 

1.55 

120 

2.75 

2.35 

2.13 

2.05 

1.92 

1.84 

1.78 

1.73 

1.69 

1.65 

1.60 

1.54 

500 

2.71 

2.30 

2.08 

2.01 

1.89 

1.74 

1.84 

1.69 

1.65 

1.61 

1.56 

1.50 
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TABL£  ft-8  continued 
PERCENTILES  OP  THE  P  DISTRIBUTION 
r.  30 


20 

25 

30 

40 

50 

d.f.j  1 

61.74 

62.00 

62.26 

62.53 

62.66 

2 

9.44 

9.45 

9.46 

9.A7 

9.47 

3 

5.18 

5.18 

5.17 

5.16 

5.15 

4 

3.84 

3.83 

3.82 

3.80 

3.79 

5 

3.21 

3.19 

3.17 

3.16 

3.15 

6 

2.84 

2.82 

2.80 

2.78 

2.  77 

7 

2.59 

2.58 

2.56 

2.54 

2.53 

8 

2.42 

2.40 

2.38 

2.36 

2.35 

9 

2.30 

2.28 

2.25 

2,23 

2.22 

10 

2.20 

2.18 

2.16 

2.13 

2.12 

11 

2.12 

2.10 

2.08 

2.05 

2.04 

12 

2.06 

2.04 

2.01 

1.99 

1.97 

13 

2.01 

1.98 

1.96 

1.93 

1.91 

14 

1.96 

1.94 

1.91 

1.89 

1.87 

15 

1.92 

1.90 

1.87 

1.85 

1.83 

16 

1.89 

1.87 

1.84 

1.81 

1.79 

17 

1.86 

1.84 

1.81 

1.78 

1.78 

18 

1.84 

1.81 

1.78 

1.75 

1.73 

19 

1.81 

1.79 

1.76 

1.73 

1,71 

20 

1.79 

1.77 

1.74 

1.  71 

1.69 

21 

1.78 

1.75 

1.7  2 

1.69 

1.67 

22 

1.76 

1.73 

1.70 

J.67 

1.65 

23 

I.  74 

1.7  2 

I  .69 

1  66 

1.63 

24 

1.73 

1.70 

1.67 

1.64 

1.62 

25 

I.  72 

1.69 

1.66 

1.63 

1.60 

26 

1.  71 

1.68 

1.65 

1.61 

1.59 

27 

1 .  70 

I  .67 

1.64 

1 .  *»n 

1  .  58 

28 

1  .  44 

1.67. 

1.63 

1.  54 

l .  >T 

29 

1.68 

1.66 

1.62 

1  .  58 

1.56 

30 

1.67 

1.64 

1.61 

1  5? 

1  .  5*» 

40 

1.61 

i  .  3  7 

1  .  54 

1.51 

1.48 

50 

1.56 

; .  “■  i 

1.  s: 

1 .44 

60 

1.54 

i . 

2.4* 

1  .-a 

1.41 

70 

1.  52 

1.45 

1,41 

1.48 

1  .  39 

SO 

.  51 

1.47 

3.4' 

1.37 

90 

1.  50 

1.46 

J 

; . 

2.  36 

100 

1.49 

I  .45 

1.42 

i .  .  - 

2.35 

120 

1.48 

1.44 

1  .  40 

1.5? 

1.  34 

500 

1.43 

1.39 

t.  36 

1 .  i  I 

I  .  28 

60 

70 

80 

9C 

100 

120 

62.79 

- 

- 

- 

- 

<3.06 

9.47 

- 

- 

- 

- 

9. .8 

5.15 

- 

- 

- 

- 

5.1* 

3.79 

* 

- 

- 

- 

3.28 

3.14 

- 

- 

- 

- 

3.22 

2.76 

- 

- 

- 

- 

2.2* 

2.51 

- 

- 

- 

- 

2. *9 

2.34 

- 

- 

- 

- 

2.32 

2..1 

- 

- 

- 

- 

2.28 

2.11 

2.  11 

2.10 

2.10 

2.09 

2.08 

2.03 

2.02 

2.02 

2.01 

2.01 

2.00 

1.96 

1.95 

1.95 

1.94 

1.94 

1.93 

1.90 

1.90 

1.89 

1.89 

1.88 

2.88 

1.86 

1.85 

1.64 

1.8i 

1.83 

1.83 

1  82 

1.81 

1.80 

1.80 

1.79 

1.79 

1  .  >8 

l.V 

1.  ’6 

1  6 

1.76 

1.75 

1.75 

i-'' 

1.73 

1.  ?3 

1.72 

1.72 

1.72 

1.71 

1,70 

1.70 

1.70 

1.69 

1.70 

J.09 

1.63 

1.67 

1.67 

1.67 

1.68 

1.66 

1.66 

1.65 

1.65 

1.6* 

I  .  *6 

1 .64 

1.64 

1.63 

1.63 

1.62 

i  .  'w 

1.63 

1  .f>2 

1.61 

1.61 

1.60 

]  .62 

1.61 

1 . 60 

1.60 

1  59 

1.59 

1.61 

1.59 

1  .  59 

1.58 

1.58 

1.57 

l  .  69 

1.38 

1  .  37 

1.  >7 

1.56 

1.56 

*  .  58 

1.57 

1.56 

1  .  5S 

1.55 

1-5* 

l .  '•  ? 

1.55 

1.-5 

L,  54 

1.54 

1.53 

1  .  56 

1.54 

1-5} 

1.53 

1.52 

1.52 

1.55 

1.33 

1  >2 

1.52 

1.57 

1.51 

1.  54 

1.52 

1.51 

1,51 

1.50 

1.50 

1.47 

1.45 

1.44 

1.43 

1,43 

l.*2 

!  -  42 

1.41 

1 .40 

1.39 

1  .  38 

1.37 

1.40 

1.38 

1.17 

1.36 

1.  35 

1.35 

1  .  37 

L .  36 

J  ■  35 

1.34 

1.33 

1.32 

1 .  35 

!  .  34 

1.  13 

1.32 

1.31 

1.30 

1  .  34 

:  n 

1.  12 

1,31 

1.30 

1.29 

1  .  U 

: .  i; 

1  .  31 

1  .  10 

1.29 

1.29 

1.  J2 

1  .  30 

1  ,  29 

1.28 

1 .  27 

1.26 

1  .  26 

1  .  24 

1.23 

1.21 

1.20 

1.19 

500 

62.33 

9.69 

5.13 

3.76 
3.10 

2.72 

2.47 

2.29 

2.16 

2.07 

1.98 

1.91 

1.86 

1.81 

1.76 

x.'i 

1.69 

1.66 

1.64 

1.61 

1.59 

1.57 

1.56 

1.54 

1.52 

1.51 

1.50 

1.49 

1.47 

1.46 

1.  38 
1.34 
1.30 
1  32 
1.26 

1.24 

1.23 

1.21 

1.12 


MTP  3-1-005 
1  March  1972 


TABLE  B-8  continued 
PERCENTILES  OF  THE  F  DISTRIBUTION 


— d.f.l 

1 

2 

3 

4 

5 

d.  (.2  r~ 

161.4 

199.5 

215.7 

224.6 

230  .2 

2 

18.51 

19.00 

19.16 

19.25 

19.30 

3 

10.13 

9.55 

9.28 

9.12 

9.01 

4 

7.71 

6.94 

6.59 

6.39 

6.26 

5 

6.61 

5.79 

5.41 

5.19 

5.05 

6 

5.99 

5.14 

4.76 

4.53 

4.39 

7 

5.59 

4.74 

4.35 

4.12 

3.97 

8 

5.32 

4.46 

4.07 

3.84 

3.69 

9 

5.12 

4.26 

3.86 

3.63 

3.48 

10 

4.96 

4.10 

3.71 

3.48 

3.33 

11 

4.84 

3.98 

3.59 

3.36 

3.20 

12 

4.75 

3.89 

3.49 

3.26 

3.11 

13 

4.67 

3.81 

3.41 

3.18 

3.03 

14 

4.60 

3.74 

3.34 

3.11 

2.96 

15 

4.54 

3.68 

3.29 

3.06 

2.90 

16 

4.49 

3.63 

3.24 

3.01 

2.85 

17 

4.45 

3.59 

3.20 

2.96 

2.81 

18 

4.41 

3.55 

3.16 

2.93 

.  2.77 

19 

4.38 

3.52 

3.13 

2.90 

2.74 

20 

4.35 

3.49 

3.  IP 

2.87 

2.71 

21 

4.32 

3.47 

3.07 

2.84 

2.68 

22 

4.30 

3.44 

3.05 

2.82 

2.66 

23 

4.28 

3.42 

3.03 

2.80 

2.64 

24 

4.26 

3.40 

3.01 

2.78 

2.62 

25 

4.24 

3.39 

2.99 

2.76 

2.60 

26 

4.23 

5.37 

2.98 

2.74 

2.59 

27 

4.21 

3.35 

2.96 

2.73 

2.57 

28 

4.20 

3.34 

2.95 

2.71 

2.56 

29 

4.18 

3.33 

2.93 

2.70 

2.55 

30 

4.17 

3.32 

2.92 

2.69 

2.53 

40 

4.08 

3.23 

CO 

2.61 

2.45 

50 

4.04 

3.19 

2.80 

2.61 

2.42 

60 

4.00 

3.15 

2.76 

2.53 

2.37 

70 

- 

- 

- 

2.55 

2.37 

80 

- 

- 

- 

2.54 

2.35 

90 

- 

- 

- 

2.53 

2.34 

100 

- 

- 

- 

2.52 

2.33 

120 

3.92 

3.07 

2.68 

2.45 

2.29 

500 

3.84 

3.00 

2.60 

2.44 

2.26 

*.95 


6 

7 

8 

9 

10 

12 

15 

234.0 

236.8 

238  9 

240.5 

241.9 

243.9 

245.9 

19.33 

19.35 

19.37 

19.38 

19.40 

19.41 

19.43 

8.94 

8.89 

8.85 

8.81 

8.79 

8.74 

8.70 

6.16 

6.09 

6.04 

6.00 

5.96 

5.91 

5.86 

4.95 

4.88 

4.82 

4.77 

4.74 

4.68 

4.62 

4.28 

4.21 

4.15 

4.10 

4.06 

4.00 

3.94 

3.87 

3.79 

3.73 

3.68 

3.64 

3.57 

3.51 

3.58 

3.50 

3.44 

3.39 

3.35 

3.28 

3.22 

3.37 

3.29 

3.23 

3.18 

3.14 

3.07 

3.01 

3.22 

3.14 

3.07 

3.02 

2.98 

2.91 

2.85 

3.09 

3.01 

2.95 

2.90 

2.85 

2.79 

2.72 

3.00 

2.91 

2.85 

2.80 

2.75 

2.69 

2.62 

2.92 

2.83 

2.77 

2.71 

2.67 

2.60 

2.53 

2.85 

2.76 

2.70 

2.65 

2.60 

2.53 

2.46 

2.79 

2.71 

2.64 

2.59 

2.54 

2.48 

2.40 

2.74 

2.66 

2.59 

2.54 

2.49 

2.42 

2.35 

2.70 

2.61 

2.55 

2.49 

2.45 

2.38 

2.31 

2.66 

2.58 

2.51 

2.46 

2.41 

2.34 

2.27 

2.63 

2.54 

2.46 

2.42 

2.38 

2.31 

2.23 

2.60 

2.51 

2.45 

2.39 

2.35 

2.28 

2.20 

2.57 

2.49 

2.42 

2.37 

2.32 

2.25 

2.18 

2.55 

2.46 

2.40 

2.34 

2.30 

2.23 

2.15 

2.53 

2.44 

2.37 

2.32 

2.27 

2.20 

2.13 

2.51 

2.42 

2.36 

2.30 

2.25 

2.18 

2.11 

2.49 

2.40 

2.34 

2.28 

2.74 

2.16 

2.09 

2.47 

2.39 

2.32 

2.27 

2.22 

2.15 

2.07 

2.46 

2.37 

2.31 

2.25 

2.20 

2.13 

2.06 

2.45 

2.36 

2.29 

2.24 

2.19 

2.12 

2.04 

2.43 

2.35 

2.28 

2.22 

2.18 

2.10 

2.03 

2.42 

2.33 

2.27 

2.21 

2.16 

2.09 

2.01 

2.34 

2.25 

2.18 

2.12 

2.08 

2.00 

1.92 

2.30 

2.20 

2.13 

2.07 

2.02 

1.95 

1.87 

2.25 

2.17 

2.10 

2.04 

1.99 

1.92 

1.84 

2.24 

2.15 

2.08 

2.02 

1.97 

1.99 

1.81 

2.23 

2.13 

2.  Of 

2.00 

1.95 

1.87 

1.79 

2.21 

2.12 

2.05 

1.99 

1.94 

1.86 

1.78 

2.20 

2.11 

2.04 

1.98 

1.93 

1.85 

1.76 

2.17 

2.09 

2.02 

1.96 

1.91 

1.83 

1.75 

2.  13 

2.04 

1.96 

1.90 

1.85 

1.77 

1.68 
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( 


TABLE  B-8  continued 
PERCEHTILES  OP  THE  P  DISTTI BUTTON 


20 

25 

30 

40 

50 

*.95 

60 

70 

80 

90 

100 

120 

500 

248.0 

249.1 

250.1 

251.1 

251.6 

252.2 

- 

- 

- 

-  253.3 

254.3 

2 

19.45 

19.45 

19.46 

19.47 

19.48 

19.48 

- 

- 

- 

- 

19.49 

19.50 

3 

8.66 

8.64 

8.62 

8.59 

8.58 

8.57 

- 

- 

- 

- 

8.55 

8.53 

4 

5.80 

5.77 

5.75 

5.72 

5.71 

5.69 

- 

- 

- 

- 

5.66 

5.63 

5 

4.56 

4.53 

4.50 

4.46 

4.45 

4.43 

- 

- 

- 

- 

4.40 

4.36 

6 

3.87 

3.84 

3.81 

3.77 

3.76 

3.74 

- 

- 

- 

- 

3.70 

3.67 

7 

3.44 

3.41 

3.38 

3.34 

3.32 

3.30 

- 

- 

- 

- 

3.2/ 

3.23 

a 

3.15 

3.12 

3.08 

3.04 

3.03 

3.01 

- 

- 

- 

- 

2.97 

2.93 

9 

2.94 

2.90 

2.86 

2.83 

2.82 

2.79 

- 

- 

- 

- 

2.75 

2.71 

:o 

2.77 

2.74 

2.70 

2.66 

2.65 

2.62 

2.62 

2.61 

2.6’ 

2.60 

2.58 

2.56 

a 

2.65 

2.61 

2.57 

2.53 

2.51 

2.49 

2.49 

2.48 

2.47 

2.47 

2.45 

2.43 

12 

2.54 

2.51 

2.47 

2.43 

2.41 

2.38 

2.38 

2.37 

2.36 

2.36 

2.34 

2.32 

13 

2.46 

2.42 

2.38 

2.34 

2.32 

2.30 

2.29 

2.28 

2.27 

2.27 

2.25 

2.22 

14 

2.39 

2.35 

2.31 

2.27 

2.24 

2.2  2 

2.21 

2.20 

2.20 

2.19 

2.18 

2.15 

15 

2.33 

2.29 

2.25 

2.20 

2.18 

2.16 

2.15 

2.14 

2.13 

2.13 

2.11 

2.08 

16 

2.28 

2.24 

2.19 

2.15 

2.12 

2.11 

2.09 

2.08 

2.08 

2.07 

2.06 

2.02 

17 

2.23 

2.19 

2.15 

2.10 

2.08 

2.06 

2.04 

2.03 

2.03 

2.02 

2.01 

1.9  V 

18 

2.19 

2.15 

2.11 

2.06 

2.03 

2.02 

2.00 

1 .99 

1.98 

1.98 

1.97 

1.93 

19 

2.16 

2.U 

2.07 

2.03 

2.00 

1.98 

1.96 

1.95 

1.95 

1.94 

1.93 

1.89 

20 

2.12 

2.08 

2.04 

1.99 

1.96 

1.95 

1.93 

1.92 

1.91 

1.90 

1.90 

1.8® 

21 

2.10 

2.05 

2.01 

1.96 

1.93 

1.92 

1.90 

1.89 

1.88 

1.87 

1.87 

1.82 

22 

2.07 

2.03 

1.98 

1.94 

1.91 

1.89 

1.87 

1.86 

1.85 

1.85 

1.84 

1.79 

23 

2.05 

2.01 

1.96 

1.91 

1.88 

1.86 

1.85 

1.84 

1.83 

1.82 

1.81 

1.77 

24 

2.03 

1.98 

1.94 

1.89 

1.86 

1.84 

1.82 

1.81 

1.80 

1.80 

1.79 

1.74 

25 

2.01 

1.96 

1.92 

1.87 

1.84 

1.82 

1.00 

1.79 

1.78 

1.78 

i.  77 

1.72 

26 

1.99 

1.95 

1.90 

1.85 

1.82 

1.80 

1.78 

1.77 

1.76 

1.76 

1.75 

1.70 

27 

1.97 

1.93 

1.88 

1.84 

1.80 

1.79 

1.77 

1.75 

1.75 

1.74 

1.73 

1.68 

28 

1.96 

1.91 

1.87 

1.82 

1.79 

1.77 

1.75 

1.74 

1.73 

1.72 

1.71 

1.67 

29 

1.94 

1.90 

1.85 

1.81 

1.77 

1.75 

1.73 

1.72 

1.71 

1.71 

1.70 

1.65 

30 

1.93 

1.89 

1.84 

1.79 

1.76 

1.74 

1.72 

1.71 

1.70 

1.69 

1.68 

1.63 

40 

1.84 

1.79 

1.74 

1.69 

1.66 

1.64 

1.62 

1.60 

1.59 

1.59 

1.58 

1.52 

50 

1.78 

1.72 

1.68 

1.63 

1.59 

1.57 

1.55 

1.54 

1.53 

1.52 

1  51 

1.45 

60 

1.75 

1.70 

1.65 

1.59 

1.55 

1.  ' 

1.51 

1.50 

1.49 

1.48 

1.47 

1.40 

79 

1.72 

1.66 

1.62 

1.56 

1.52 

1.50 

1.48 

1.47 

1.46 

1.45 

1.43 

1.37 

80 

1.70 

1.64 

1.60 

1.54 

1.50 

1.48 

1.46 

..44 

1.43 

1.42 

1.41 

1.34 

90 

1.68 

1.62 

1.  58 

1.52 

1.49 

1.46 

1.44 

1.43 

1.41 

1.40 

1.39 

1.32 

100 

1.67 

1.61 

1.57 

1.51 

1.47 

1.45 

1.43 

1.41 

1.40 

1.39 

1.37 

1.30 

120 

1.66 

1.61 

1.55 

1.50 

1.45 

1  43 

1.40 

1.39 

1.37 

1  36 

1.35 

1.28 

500 

1.59 

1.52 

1.48 

1  .41 

1.37 

1.34 

1.32 

1.30 

1.28 

1.27 

1.25 

1.16 
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TAIL!  1-8  continued 

pncnrrius  op  the  r  disteibutioh 

F.975 


d  *  i 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

15 

647.8 

799. S 

864.2 

899.6 

921.8 

937.1 

948.2 

956.7 

963.3 

968.6 

976.7 

984.9 

2 

38.51 

39.00 

39.17 

39.25 

39.30 

39.33 

39.36 

39.37 

39.39 

39.40 

39.41 

39.43 

3 

17.44 

16.0* 

15.44 

15.10 

14.88 

14.73 

14.62 

14.54 

14.47 

14.42 

14.34 

14.25 

4 

12.22 

10.65 

9.98 

9.60 

9.36 

9.20 

9.07 

8.98 

8.90 

8.84 

8.75 

8.66 

5 

10.01 

8.43 

7.76 

7.39 

7.15 

6.98 

6.85 

6.76 

6.68 

6.62 

6.52 

6.43 

6 

8.81 

7.26 

6.60 

6.23 

5.99 

5.82 

5.70 

5.60 

5.52 

5.46 

5.37 

5.27 

7 

8.07 

6.54 

5.89 

5.52 

5.29 

5.12 

4.99 

4.90 

4.82 

4.76 

4.67 

4.57 

8 

7.57 

6.06 

5.42 

5.05 

4.82 

4.65 

4.53 

4.43 

4.36 

4.30 

4.20 

4.10 

9 

7.21 

5.71 

5.08 

4.72 

4.48 

4.32 

4.20 

4.10 

4.03 

3.96 

3.87 

3.77 

10 

6.94 

5.46 

4.83 

4.47 

4.24 

4.07 

3.95 

3.85 

3.73 

3.72 

3.62 

3.52 

11 

6.72 

5.26 

4.63 

4.28 

4.04 

3.88 

3.76 

3.66 

3.59 

3.53 

3.43 

3.33 

12 

6.55 

5.10 

4.47 

4.12 

3.t>9 

3.73 

3.61 

3.51 

3.44 

3.37 

3.28 

3.18 

13 

6.41 

4.97 

4.35 

4.00 

3.77 

3.60 

3.48 

3.39 

3.31 

3.25 

3.15 

3.05 

14 

6.30 

4.86 

4.24 

3.89 

3.66 

3.50 

3.38 

3.29 

3.21 

V  15 

3.05 

2.95 

15 

6.20 

4.77 

4.15 

3.80 

3.58 

3.41 

3.29 

3.20 

3.12 

3.06 

2.96 

2.86 

16 

6.12 

4.69 

4.08 

3.73 

3.50 

3.34 

3.22 

3.12 

3.05 

2.99 

2.89 

2.7  V 

17 

6.04 

4.62 

4.01 

3.66 

3.44 

3.28 

3.16 

3.06 

2.98 

2.92 

2.82 

2.72 

18 

5.98 

4.56 

3.95 

3.61 

3.38 

3.22 

3.10 

3.01 

2.93 

2.87 

2.77 

2.67 

19 

5.92 

4.51 

3.90 

3.56 

J.JJ 

3.17 

3. U5 

2.96 

2.68 

2.82 

2.72 

2.62 

20 

5.87 

4.46 

3.86 

3.31 

3.29 

3.13 

3.01 

2.91 

2.84 

2.77 

2.68 

2.57 

21 

5.83 

4.42 

3.82 

3.48 

3.25 

3.09 

2.97 

2.87 

2.80 

2.73 

2.64 

2.53 

22 

5.79 

4.38 

3.78 

3.44 

3.22 

3.05 

2.93 

2.84 

2.76 

2.70 

2.60 

2.50 

23 

5.75 

4.35 

3.75 

3.41 

3.18 

3.02 

2.90 

2.81 

2.73 

2.67 

2.57 

2.47 

24 

5.72 

4.32 

3.72 

3.38 

3.15 

2.99 

2.87 

2.78 

2.70 

2.64 

2.54 

2.44 

25 

5.69 

4.29 

3.69 

3.35 

3.13 

2.97 

2.85 

2.75 

2.68 

2.61 

2.51 

2.41 

26 

5.66 

4.27 

3.67 

3.33 

3.10 

2.94 

2.82 

2.73 

2.65 

2.59 

2.49 

2.39 

27 

5.63 

4.24 

3.65 

3.31 

3.08 

2.92 

2.80 

2.71 

2.63 

2.57 

2.47 

2.36 

28 

5.61 

4.22 

3.63 

3.2? 

3.06 

2.90 

2.78 

2.69 

2.61 

2.55 

2.45 

2.34 

29 

5.59 

4.20 

3.61 

3.27 

3.04 

2.88 

2.76 

2.67 

2.59 

2.53 

2.43 

2.32 

30 

5.57 

4  18 

3.59 

3.25 

3.03 

2.87 

2.75 

2.65 

2.57 

2.51 

2.41 

2.31 

40 

5.42 

4.05 

3.46 

3.13 

2.90 

2.74 

2.62 

2.53 

2.45 

2.39 

2.29 

2.18 

50 

5.35 

3.99 

3.40 

3.10 

2.85 

2.68 

2.56 

2.46 

2.38 

2.31 

2.21 

2.10 

60 

5.29 

3.93 

3.34 

3.01 

2.79 

2.63 

2.51 

2.41 

2.33 

2.27 

2.17 

2.06 

70 

- 

- 

- 

3.02 

2.77 

7.60 

2.48 

2.38 

2.30 

2.24 

2.13 

2.02 

80 

- 

- 

- 

3.00 

2.75 

2.53 

2.45 

2.36 

CO 

CM 

2.21 

2.11 

2.00 

90 

- 

- 

- 

2.98 

2.73 

2.56 

2.44 

2.34 

?.  26 

2.19 

2.09 

1.98 

100 

- 

- 

- 

2.97 

2.72 

2.55 

2.42 

2.32 

2.24 

4..  18 

2.07 

1.96 

120 

- 

- 

- 

2.y4 

2.69 

2.53 

2.40 

2.30 

2.22 

2.16 

Z.  35 

1.94 

500 

5.02 

3.69 

3.12 

2.86 

2.61 

2.44 

2.32 

2.22 

2.14 

2.07 

1.97 

1 . 60 
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f.j  r* 

20 

♦93.1 

25 

997.2 

30 

1001. 

2 

39.45 

39.46 

39.46 

3 

14.17 

14.12 

14.08 

A 

8.54 

8.51 

8.46 

J 

6.33 

6.28 

6.23 

4 

5.17 

5.12 

5.07 

7 

4.47 

4.42 

4.36 

( 

4.00 

395 

3.89 

» 

3.67 

3.61 

3.56 

10 

3.42 

3.37 

3.31 

11 

3.23 

3.17 

3.12 

12 

3.07 

3.02 

2.96 

13 

2.95 

2.89 

2.84 

14 

2.84 

2.79 

2.73 

11 

2.76 

2.70 

2.64 

It 

2.68 

2.63 

2.57 

17 

2.62 

2.56 

2.50 

It 

2.56 

2.50 

2.44 

'* 

7  M 

2.45 

2. 39 

20 

2.46 

2.41 

2.35 

21 

2.42 

2.37 

2.31 

22 

2.39 

2.33 

2.27 

23 

2.36 

2.30 

2.24 

24 

2.33 

2.27 

2.21 

25 

2.30 

2.24 

2.18 

24 

2.28 

2.22 

2.16 

27 

2.25 

2.19 

2.13 

28 

2.23 

2.17 

2.11 

29 

2.21 

2.15 

2.09 

30 

2.20 

2.14 

2.07 

40 

2.07 

2.01 

1.94 

50 

1.99 

1.92 

1.86 

60 

1.94 

1.88 

1.81 

70 

T  .91 

1.83 

1.77 

80 

1.88 

1.80 

1.75 

90 

1.86 

1.78 

1.73 

103 

1.84 

1.77 

1.71 

120 

1.82 

1.76 

1.69 

500 

1.73 

1.65 

1.59 

TAILS  4-8  continued 


mcmius  of  thi  f  distfisutiok 

T.175 


40 

50 

wO 

70 

80 

1006. 

1008. 

1010. 

39.47 

39.48 

39.40 

- 

14.04 

13.00 

13.95 

- 

8.41 

8.  36 

8.31 

- 

_ 

6.18 

6.13 

6.07 

- 

- 

5.01 

4.96 

4.90 

_ 

4.31 

4.26 

4.20 

- 

_ 

3.84 

3.79 

3.73 

- 

_ 

3.51 

3.45 

3.3« 

- 

_ 

3.26 

3.24 

3.20 

3.21 

3.19 

3.06 

3.05 

3.00 

3.00 

2.99 

2.91 

2.88 

2.85 

2.84 

2.83 

2.78 

2.75 

2.7  2 

2.71 

2.70 

2.67 

2.64 

2.61 

2.60 

2.59 

2.59 

2.55 

2.52 

2.51 

2.50 

2.51 

2.47 

2.45 

2.43 

2.42 

2.44 

2.41 

2.38 

2.36 

2.35 

2.38 

2.35 

2.32 

2.30 

2.29 

2.33 

2.29 

2.27 

2.25 

2.24 

2.29 

2.25 

2.22 

2.20 

2.19 

2.25 

2.21 

2.18 

2  16 

2.15 

2.21 

2.17 

2.16 

2.11 

2.11 

2.18 

2.13 

2.11 

2.09 

2.07 

2.15 

2.10 

2.08 

2.06 

2.04 

2.12 

2.08 

2.05 

2.03 

2.01 

\09 

2.05 

2.03 

2.vO 

1.99 

2.07 

2.03 

2.00 

1.98 

1.96 

2.05 

2.00 

1.98 

1.96 

1.94 

2.03 

1.98 

1.96 

1.94 

1.92 

2.01 

1  96 

1.94 

1.92 

1.90 

1.88 

1.83 

1.80 

1.78 

1.76 

1.79 

1.75 

1.72 

1.70 

1.68 

L.  74 

1.69 

1.66 

1.64 

1.62 

1.70 

1.66 

1.62 

1.60 

1.58 

1.67 

1.63 

1.59 

1.57 

1.55 

1.65 

1.60 

1.57 

1.55 

1.53 

1.64 

1.59 

1.55 

1.53 

1.51 

1.61 

1.56 

1.52 

1.50 

1.48 

1.51 

1.46 

1.42 

1.39 

1.37 

90 

100 

120 

500 

" 

- 

1014. 

1018. 

- 

- 

39.49 

35.50 

- 

- 

13.95 

13.90 

- 

- 

8.3) 

8.24 

- 

- 

6.01 

6.02 

- 

- 

4.90 

4.85 

- 

- 

4.20 

4.14 

- 

- 

3.73 

3.67 

- 

- 

3.39 

3.33 

3.18 

3.18 

3.14 

3.12 

2.98 

2.97 

2.94 

2.92 

2.82 

2.81 

2.79 

2.75 

2.69 

2.68 

2.66 

2.62 

2.58 

2.57 

2.55 

2.51 

2.49 

2.46 

2.46 

2.42 

2.41 

2.40 

2.38 

2.34 

2.34 

2.33 

2.32 

2.27 

2.28 

2.27 

2.26 

2.21 

2.23 

i.22 

2.20 

2.15 

2.18 

2.17 

2.16 

2.10 

2.14 

2.13 

2.11 

2.06 

2.10 

2.09 

2  "2 

2.06 

2.05 

2.04 

1.98 

2.03 

2.02 

2.01 

1.95 

2.00 

1.99 

1.98 

1.92 

1.98 

1.97 

1.95 

1.89 

1.95 

1.94 

1.93 

1.87 

1.93 

1.92 

1.91 

1.85 

1.91 

1.90 

1.89 

1.82 

1.89 

1.88 

1.87 

1.80 

1.75 

1.74 

1.72 

1.66 

1.67 

1.66 

1.63 

1.57 

1.61 

1.59 

1.58 

1.50 

1.57 

1.55 

1.53 

1.46 

1.54 

1.52 

1.50 

1.43 

1.51 

1.50 

1.48 

1.40 

1.49 

1.46 

1.46 

1.38 

1.46 

1.45 

1.43 

l.  34 

1.35 

1.33 

1.31 

1.19 
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TABLE  B-8  continued 
PEHCEMTILES  OP  THE  P  DISTRIWTION 


d.f., 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

15 

d.f. 2  1 

4052 

4999.5 

5403 

5625 

5764 

5859 

5928 

5982 

6022 

6056 

6106  i 

5157 

2 

98.50 

99.00 

99.17 

99.25 

99.30 

99.33 

99.36 

99.37 

99.39 

99.40 

99.42 

99.43 

3 

34.12 

30.82 

29.46 

28.71 

28.24 

27.91 

27.67 

27.49 

27.35 

27.23 

27.05 

26.87 

4 

21.20 

18.00 

16.69 

15.98 

15.52 

15.21 

14.98 

14.80 

14.66 

14.55 

14.37 

14.20 

5 

16.26 

13.27 

12.06 

11.39 

10.97 

10.67 

10.46 

10.29 

10.16 

10.05 

9.89 

9.72 

6 

13.75 

10.92 

9.78 

9.15 

8.75 

8.47 

8.26 

8.10 

7.98 

7.87 

7.72 

7.56 

7 

12.25 

9.  "> 

8.45 

7.85 

7.46 

7.19 

6.99 

6.84 

6.72 

6.62 

6.47 

6.31 

8 

11.26 

8.65 

7.59 

7.01 

6.63 

6.37 

6.18 

6.03 

5.91 

5.81 

5.67 

5.52 

9 

10.56 

8.02 

6.99 

6.42 

6.06 

5.80 

5.61 

5.47 

5.35 

5.26 

5.11 

4.96 

10 

10.04 

7.56 

6.55 

5.99 

5.64 

5.39 

5.20 

5.06 

4.94 

4.85 

4.71 

4.56 

11 

9.65 

7.21 

6.22 

5.67 

5.32 

5. '.7 

4.89 

4.74 

4.63 

4.54 

4.40 

4. 2> 

12 

9.33 

6.93 

5.95 

5.41 

'..06 

4.82 

4.64 

4.50 

4.39 

4.30 

4.16 

4.01 

13 

9.07 

6.  tO 

5.74 

5.21 

4.86 

4.62 

4  44 

4.30 

4.19 

4.10 

3.96 

3.92 

14 

8.86 

6.51 

5.56 

5.04 

4.69 

4.46 

4.28 

4.14 

4.03 

3.94 

3.80 

3.66 

15 

8.68 

6.36 

5.42 

4.89 

4.56 

4.32 

4.14 

4.00 

3.89 

3.80 

3.67 

3.52 

16 

8.53 

6.23 

5.29 

4.77 

4.44 

4.20 

4.03 

3.89 

3.78 

3.69 

3.55 

3.41 

17 

8.40 

6.11 

5.18 

4.67 

4.34 

4.10 

3.93 

3.79 

3.68 

3.59 

3.46 

3.31 

18 

8.29 

6.01 

5.09 

4.58 

4.25 

4.01 

3.84 

3.71 

3.60 

3.51 

3.37 

3.23 

19 

8.18 

5.93 

5.01 

4.50 

4.17 

3.94 

3.77 

3.63 

3.52 

3.43 

3.30 

3.15 

20 

8.10 

5.85 

4.94 

4.43 

4.10 

3.87 

3.70 

3.56 

3.46 

3.37 

3.23 

3.09 

71 

.A.n? 

6.7* 

4. *7 

4.37 

4.04 

3.81 

3.64 

1.51 

1.40 

1.11 

3.17 

1.01 

22 

7.95 

5.72 

4.82 

4.31 

3.99 

3.76 

3.59 

3.45 

3.35 

1.26 

3.12 

2.98 

23 

7.88 

5.66 

4.76 

4.26 

3.94 

3.71 

3.54 

3.41 

3.30 

3.21 

3.07 

2.93 

24 

7.82 

5.61 

4.72 

4.22 

3.90 

3.67 

3.50 

3.36 

3.26 

3.17 

3.03 

2.89 

25 

7.77 

5.57 

4.68 

4.18 

3.85 

3.63 

3.46 

3.32 

3.22 

3.13 

2.99 

2.85 

26 

7.72 

5.53 

4.64 

4.14 

3.82 

3.59 

3.42 

3.29 

3.18 

3.09 

2.96 

2.81 

27 

7.68 

5.49 

4.60 

4.11 

3.78 

3.56 

3.39 

3.26 

3.15 

3.06 

2.93 

2.78 

28 

7.64 

5.45 

4.57 

4.07 

3.75 

3.53 

3.36 

3.23 

3.12 

3.03 

2.90 

2.75 

29 

7.60 

5.42 

4.54 

4.04 

3.73 

3.50 

3.33 

3.20 

3.09 

3.00 

2.87 

2.73 

30 

7.56 

5.39 

4.51 

4.02 

3.70 

3.47 

3.30 

3.17 

3.07 

2.98 

2.84 

2.70 

40 

7.31 

5.18 

4.31 

3.83 

3.51 

3.29 

3.12 

2.99 

2.89 

2.80 

2.66 

2.52 

50 

7.20 

5.08 

4.37 

3.  76 

3.42 

3.19 

3.02 

2.89 

2.78 

2.69 

2.56 

2.41 

60 

7.08 

4.98 

4.13 

3.65 

3.34 

3.12 

2.95 

2.82 

2.72 

2.63 

2.50 

2.35 

70 

- 

- 

- 

3.64 

3.30 

3.07 

2.90 

2.77 

2.67 

2.58 

2.44 

2.30 

80 

- 

- 

- 

3.61 

3.27 

3.04 

2.87 

2.74 

2.63 

2.55 

2.41 

2.27 

90 

- 

- 

- 

3.58 

3.24 

3.01 

2.84 

2.71 

2.61 

2.52 

2.38 

2.24 

If'  ' 

- 

- 

- 

3.55 

3.22 

2.99 

2.82 

2. -69 

2.59 

2.50 

2.36 

2.22 

12C 

6.85 

4.79 

3.95 

3.52 

3.19 

2.96 

2.79 

2.66 

2.  56 

2.47 

2.33 

2. 19 

5<>0 

6.63 

4.61 

3.78 

3.40 

3.07 

2.84 

2.67 

2.54 

2.44 

2.35 

2.22 

2.07 
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TA4LT  i-fl  continued 

PMcnrrius  or  m  r  distruition 


r 

.99 

Ttrf 

20 

6209 

25 

6235 

3v 

6?  M 

40 

6287 

50 

6300 

60 

6313 

70 

80 

90 

100 

2 

99.45 

99.46 

99.47 

99.47 

99.48 

99.48 

* 

“ 

3 

26.69 

26.60 

26.50 

26.41 

26.37 

26.32 

** 

4 

14.02 

13.93 

13.84 

13.75 

13  70 

13.65 

• 

5 

9.55 

9.47 

9.38 

9.29 

9.25 

9.20 

- 

- 

I 

6 

7.40 

7.31 

7.73 

7.14 

7.10 

7.06 

7 

6.16 

6.07 

5.99 

5.91 

5.87 

5.82 

“ 

• 

8 

5.36 

5.28 

5.20 

5.12 

5.08 

5.0) 

" 

• 

9 

4.81 

4.73 

4.65 

4.57 

4.53 

4.48 

“ 

• 

10 

4.41 

4.33 

4.25 

4.17 

4.16 

4.08 

4.10 

4.08 

4.07 

4.06 

11 

12 

13 

U 

15 

4.10 

3.86 

3.66 

3.51 

3.37 

4.02 

3.78 

3.59 

3.43 

3.29 

3.94 

3.70 

3.51 

3.35 

3.21 

3.86 

3.62 

3.43 

3.27 

3.13 

3.84 

3.59 

3.39 

3.23 

3.09 

3.78 

3.54 

3.34 

3. 18 
3.05 

3.78 
3.54 
3.33 
3.  i; 
3.03 

3.77 

3.52 

3.32 

3.15 

3.02 

3.75 

3.50 

3.30 

3.14 

3.00 

3.74 

3.49 

3.29 

3.13 

2.99 

16 

1? 

18 

19 

20 

3.26 

3.16 

3.08 

3.00 

2.94 

3.18 

3.08 

3.00 

2.92 

2.86 

3.10 

3.00 

2.92 

2.84 

2.78 

3.02 

2.92 

2.84 

2.76 

2.69 

2.98 

2.88 

2.79 

2.71 

2.65 

2.93 

2.83 

2.75 

2.67 

2.61 

2.92 

2.82 

2.73 

2.65 

2.59 

2.90 

2.80 

2.71 

2.64 

2.57 

2.88 

2.78 

2.  70 
7.62 
2.55 

2.87 

2.77 

2.69 

2.61 

2.54 

21 

22 

23 

24 

25 

2.88 

2.83 

2.78 

2.74 

2.70 

2.80 

2.75 

2.70 

2.66 

2.62 

2.72 

2.67 

2.62 

2.58 

2.54 

2.64 

2.58 

2.54 

2.49 

2.45 

2.59 
2.53 
?  49 
2.44 
2.40 

2.55 

2.50 

2.45 

2.40 

2.36 

2.5) 

2.47 

2.42 

2.38 

2.  34 

2.51 

2.45 

2.40 

2. 36 
2.32 

2.49 

2.44 

2.39 

2.  34 
2.30 

2.48 

2.43 

2.38 

2.3) 

2.29 

26 

27 

28 

29 

30 

2.66 

2.63 

2.60 

2.57 

2.55 

2.59 

2.55 

2.52 

2.49 

2.47 

2.50 

2.47 

2.44 

2.41 

2.39 

2.42 

2.38 

2.35 

2.33 

2.30 

2.37 

•\33 

2.30 

2.27 

2.25 

2.33 

2.79 

2.26 

2.23 

2.21 

2.30 

2.27 

2.24 

2.21 

2. 18 

2.28 

2.25 

2.23 

2.19 

2.16 

2.27 

2.23 

2.20 

2.17 

2.15 

2.25 

7.22 

2.19 

2.16 

MJ 

40 

50 

60 

70 

80 

2.37 

2.26 

2.20 

2.15 

2.11 

2.27 

16 

2.  10 
2.05 
2.01 

2.20 

2.10 

2.03 

1.98 

1.94 

2.11 

2.«1 

1.94 

1.89 

1.85 

2.06 

1.95 

4.88 

1.83 

1.79 

2.02 

1.91 

1.84 

1  .  78 

1.  75 

1.99 

1.88 

1.81 

1.75 

1.71 

1.97 

1.86 

\.7> 

1.7) 

1.69 

1.95 

1.84 

1.76 

1.71 

1.67 

1.94 

1.8) 

1.75 

1.70 

1 .65 

iO 

100 

2.08 

2.06 

1.99 

1.97 

1.92 

1.85 

1.82 

1 . 80 

1.76 

1  .  74 

1.72 

1  L(1 

1.68 

1.66 

1.6* 

1.62 

120 

500 

2.03 

1.91 

1.93 

1.81 

1.86 

1.74 

1.76 

1.63 

1.70 

1.57 

1 .66 
1.52 

1 . 66 
1.62 

1.63 

1.60 

1.45 

1  .  6  1 

1  .  58 
1.4) 

1.60 

1.56 

1.41 

120 

500 

6339 

6366 

99.49 

99.50 

26.22 

26.13 

13.56 

13.46 

9.11 

9.02 

6.*’ 

6.88 

5.74 

5.65 

4.95 

4.86 

4.40 

4  :i 

4.00 

3.97 

3.69 

3.66 

3.5 

3.41 

3.25 

3.21 

3.09 

i.^4 

2.96 

2.90 

2.84 

2.79 

2.-5 

2.69 

2.66 

2.60 

2.58 

2.52 

2.52 

2.45 

2.46 

2.39 

2.40 

2.3) 

2.35 

2.28 

2.31 

2.24 

2.27 

2.20 

2.23 

2. 16 

2.20 

2.12 

2.17 

2.09 

2.14 

2.06 

2.11 

2.03 

1.92 

1.83 

1.80 

1.71 

1.  73 

1  .6) 

1.67 

1.57 

1.6> 

1.53 

1.60 

1  .49 

I  .  5' 

1.47 

1 .6  i 

1  .-2 

1.  38 

1.2) 
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MOTE:  The  Cables  for  F.8o  and  F.es  were  generated  using  Che 
2w 

formula  F  Pe  where: 


The  approximation  is  accurate  enough  for  practical  uses 
when  d.f.j  and  d.f.2  2. 10.  However,  the  formula  has  been 
used  for  d.f.j  <  10  and  d.f.2  <  10  for  F.8q  s.id  F.85  because 
no  tables  were  available. 

Values  other  than  the  ones  found  in  the  standard  F  tables 
were  also  supplied  using  the  above  formula  where  possible  and 
if  not  possible,  dashes  were  left,  e.g.,  F.<,0»  (so*  2)  *  “  • 

In  the  event  of  a  dash  occurring,  use  the  smaller  d.f.  which 
appears  in  the  table  for  computation  purposes;  e.g.,  use 

f*90«  (60,  2)  ■  9.47  for  F.g0f  (go,  2). 
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TABLE  B-10 


FACTORS  FOR  COMPUTING  ONE-SIDED  CONFIDENCE  LIMITS  FOR  o 


Degrees  of 
Freedom 
d.f. 

H 

H 

A  025 

A. 975 

A. 01 

A. 99 

A. 005 

A. 995 

1 

.5103 

15.947 

.4461 

31.910 

.3882 

79.786 

.3562 

159.576 

2 

.5778 

4.415 

.5207 

6.285 

.4660 

9.975 

.4344 

14.124 

3 

.6196 

2.920 

.5665 

3.729 

.5142 

5.111 

.4834 

6.467 

4 

.6493 

2.372 

.5992 

2.84 

.5489 

3.669 

.5188 

4.396 

5 

.6721 

2.089 

.6242 

2.453 

.5757 

3.003 

.5464 

3.485 

6 

.6903 

1.915 

.6444 

2.202 

.5974 

2.623 

.5688 

2.980 

7 

.7054 

1.797 

.6612 

2.035 

.6155 

2.377 

.5875 

2.660 

8 

.7183 

1.711 

.6754 

1.916 

.6310 

2.204 

.6037 

2.439 

9 

.7293 

1.645 

.6878 

1.826 

.6445 

2.076 

.6177 

2.278 

10 

.7391 

1.593 

.6987 

1.755 

.6564 

1.977 

.6301 

2.154 

11 

.7477 

1.551 

.7084 

1.698 

.6670 

1.898 

.6412 

2.056 

12 

.7554 

1.515 

.7171 

1.651 

.6765 

1.833 

.6512 

1.976 

13 

.7624 

1.485 

.7250 

1.611 

.6852 

1.779 

.6603 

1.909 

14 

.7688 

1.460 

.7321 

1.577 

.6931 

1.733 

.6636 

1.854 

15 

.7747 

1.437 

.7387 

1.548 

.7004 

694 

.6762 

1.806 

20 

.7979 

1.358 

.7650 

1.44 

.7297 

1.556 

.7071 

1.640 

25 

.8149 

1.308 

.7843 

1.380 

.7511 

1.473 

.7299 

1.542 

30 

.8279 

1.274 

.7991 

1.337 

.  7678 

1.416 

.7477 

1.475 

40 

.8470 

1.228 

.8210 

1.279 

.7925 

1.343 

.7740 

1.390 

50 

.8606 

1.199 

.8367 

1.243 

.8103 

1.297 

.7931 

1.337 

60 

.8710 

1.179 

.8487 

1.217 

.8239 

1.265 

.8078 

1.299 

70 

.8793 

1.163 

.8583 

1.198 

.8349 

1.241 

.8196 

1.272 

80 

.8861 

1.151 

.8662 

1.183 

.8439 

1.222 

.8293 

1.250 

90 

.3919 

1.141 

.8728 

1.171 

.8515 

1.207 

.8376 

1.233 

100 

.8968 

1.138 

.8785 

1.161 

.8581 

1.195 

.8446 

1.219 

For  large  degrees  of  freedom,  we  may  use  the  approximate  formula: 
Al-c  *^/2d “/  (Za  +ys/ 2  (d .  f . )  -  l) 


where  Z^  i_s  found  in  Table  B-4,  page  2-4. 


2-37 


MTP  3-1-005 
1  March  1972 


TABLE  B-ll 
s  <  a0  (PE  <  t0) 


r 

a  -  .001 

8  -  .05 

a  -  .001 

6  »  .10 

a  -  .01 

8  -  .05 

a  -  .01 

8  »  .10 

a  -  .05 

8  -  .05 

a  ■  .05 

8  -  .10 

a  « 

8  - 

l 

8 

8 

5 

5 

3 

3 

2 

11 

10 

7 

7 

5 

4 

3 

.3 

15 

14 

10 

9 

6 

6 

4 

.4 

21 

20 

14 

13 

o 

8 

6 

.5 

32 

29 

21 

19 

14 

12 

9 

.6 

53 

48 

36 

31 

23 

20 

15 

.7 

101 

90 

69 

59 

45 

37 

28 

.8 

2AA 

213 

167 

142 

111 

91 

68 

.9 

10A6 

902 

726 

607 

490 

393 

298 
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*  * 


TABLE  B-ll  continued 
s  >  aQ  (PE  >  x0) 


y 

a  -  .001 

B  -  .05 

a  -  .001 

8  -  .10 

a  -  .01 

8  -  .05 

a  -  .01 

8  -  .10 

a  -  .05 

8  -  .05 

a  »  .05 

8  -  .10 

a  »  . 

8  -  . 

l.i 

1202 

1014 

857 

699 

598 

468 

364 

1.2 

322 

269 

233 

188 

165 

128 

101 

1.3 

153 

127 

112 

90 

81 

62 

50 

1.4 

92 

76 

68 

55 

50 

38 

31 

1.5 

63 

52 

47 

38 

35 

27 

22 

1.6 

47 

38 

36 

28 

27 

20 

17 

1.7 

37 

30 

28 

22 

22 

16 

14 

1.8 

30 

24 

23 

18 

18 

14 

12 

1.9 

25 

20 

20 

15 

16 

12 

10 

2.0 

22 

17 

17 

13 

14 

10 

9 

2.1 

19 

15 

15 

12 

12 

9 

8 

2.2 

17 

14 

14 

11 

11 

8 

7 

2.3 

15 

12 

13 

10 

10 

8 

7 

2.4 

14 

11 

12 

9 

9 

7 

6 

2.5 

13 

10 

11 

8 

9 

7 

6 

2.6 

12 

10 

10 

8 

8 

6 

6 

2.7 

11 

9 

9 

7 

8 

6 

5 

10 

10 
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TABLE  B-ll  continued 
S  >  Oq  (PE  >  To) 


Y 

2.8 

2.9 

3.0 

3.1 

3.2 

3.3 

3.4 

3.5 


a  ■  .001 

6  -  .05 

11 

10 

10 

9 

9 

8 

8 

8 


a  -  .001 

8  =  .10 

8 

8 

8 

7 

7 

7 

6 

6 


a  -  .01 
8  =  .05 

9 

8 

8 

8 

7 

7 

7 

7 


a  *  .01 
8  •  .10 

7 

7 

6 

6 

6 

6 

5 

5 


a  »  .05 
8  -  .05 

8 

7 

7 

7 

6 

6 

6 

6 


a  -  .05 

8  -  .10 

6 

5 

5 

5 

5 

5 

5 

5 


a  -  .10 
8  =  .10 

5 

5 

5 

5 

4 

4 

4 

4 
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TABLE  B-12 

DETERMINATTON  OF  SAMPLE  SIZE 
(sA  and  sg) 

3 A  <  SB 


SA/S 

SB 

a  -  .01 

6  -  .05 

a  =*  .Ci 

6  -  .10 

a  -  .05 

8  -  .05 

a  » 

8  - 

.05 

.10 

a 

8  ’ 

.1 

5 

5 

5 

4 

4 

.2 

9 

8 

7 

6 

5 

.3 

13 

11 

10 

8 

7 

.4 

21 

18 

15 

13 

10 

.5 

35 

30 

25 

20 

16 

.6 

63 

52 

44 

35 

28 

.7 

126 

105 

88 

70 

54 

.8 

319 

264 

220 

175 

135 

.9 

1423 

1175 

978 

774 

595 

W 

> 

V 

SB 

1.1 

1738 

1435 

1194 

946 

726 

1.2 

477 

394 

328 

260 

200 

1.3 

232 

192 

160 

127 

98 

1.4 

142 

117 

98 

78 

61 

1.5 

98 

82 

68 

55 

42 

1.6 

74 

61 

51 

41 

32 

1.7 

59 

49 

41 

33 

26 

1.8 

48 

40 

34 

27 

22 

1.9 

41 

34 

29 

23 

18 
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TABLE  B-12  continued 
DETERMINATION  OF  SAMPLE  SIZE 
(sA  and  8g) 

SA  >  SB 


V*B 

a  »  .01 

6  -  .05 

a  *  .01 

8  -  .10 

a  -  .01 

6  -  .*3 

a  « 

8  * 

.05 

.10 

a  » 

6  - 

2.0 

35 

30 

25 

20 

16 

2.1 

31 

26 

22 

18 

14 

2.2 

28 

23 

20 

16 

13 

2.3 

25 

21 

18 

15 

12 

2.4 

23 

19 

17 

14 

11 

2.5 

21 

18 

15 

13 

10 
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TABLE  B-13 

CONFIDENCE  LIMITS  FOR  A  PROPORTION  (TWO-SIDED) 


Upper 

1  lmlu 

are  underlined 

The 

observed  proportio 

n  in  a 

randoa 

sample 

1*  f/M 

t 

901 

95: 

99?  | 

7 

90: 

951 

99t  | 

n  • 

1 

n  •  2  _ 1 

0 

0 

.900 

0 

.950 

0 

.990 

0 

0 

.685 

0 

.776 

0 

.900 

T99T- 

1 

.100 

I 

.050 

~ i — 

.010 

1 

1 

.051 

.025+ 

.975- 

.005+ 

L 

) 

.316 

1 

.224 

1 

.100 

■  1 

n  » 

3 

_ 7 7- : n 

0 

0 

0 

.632 

0 

.  785- 

0 

0 

0 

.327 

0 

.684 

1 

.035- 

.804 

.017 

.865 

.003 

.941 

1 

.026 

.680 

.013 

.751 

.003 

■» 

.196 

.965+ 

.135+ 

.983 

.059 

.997 

•> 

.  143 

.857 

.098 

.902 

.042 

TT5T 

3 

.  464 

i 

.368 

1 

.215+ 

"J  ' 

3 

.320 

.974 

.  249 

75ET 

.141 

.997 

_ 

_ 

--  ~ 

—  i  - 

— r-^ec 

1_ 

.4,3 

i 

.  31F 

MB 

I HC 

ffi 

■■ 

_ 

0 

0 

.379 

o 

.500 

0 

.602 

0 

0 

0 

.402 

0 

.536 

1 

.021 

.621 

.010 

7777 

.002 

.7  78 

l 

.017 

.542 

.009 

.598 

.002 

773? 

> 

.112 

.753 

.076 

TTTT 

.033 

7555 

.093 

.66  7 

.063 

rm 

.027 

.*57" 

) 

.247 

.888 

.189 

7571 

.  106 

7 7TT 

3 

.201 

775? 

.153 

.847 

.  085- 

75IT+ 

4 

5 

.379 

.621 

.979 

1 

.343 

.500 

■  990 

1 

.222 
.  398 

.998 

1 

4 

5 

.333 

.458 

7907 

.983 

.271 

.402 

.937 

79TT 

.173 

.294 

'.*75 

799? 

~ 

6 

.655+ 

.598 

1 

.464 

T 

SI 

g— p 

BUS 

.  ...  "*•  ~ 

n 

0 

-116 

0 

-JZZ 

0 

.5  QQ 

f 

0 

-isx 

0 

-U.it 

0 

.iil 

1 

.0L5- 

.500 

.007 

.5  54 

.001 

.64  3 

i 

.013 

.418 

.006 

.500 

.00L 

.590 

► 

.079 

.684 

.053 

.6  59 

.023 

775: 

.069 

.582 

.046 

.685- 

.020 

7737"* 

J 

.170 

-.nr 

.129 

*12  Sr 

.071 

■  058 

) 

..47 

.  74  5+ 

.111 

.711 

.061 

.802 

4 

.279 

.830 

.225+ 

■an 

.142 

*013 

.240 

.  760 

.19  3 

.807 

.121 

.83  9 

3 

.316 

.921 

.341 

.947 

.236 

*m 

■> 

.255- 

.853- 

.289 

mr 

.198 

.oV) 

6 

.  500 

.2fli+ 

.446 

.993 

.357 

.999 

6 

.418 

.931 

.315+ 

*313 

.293 

.980 

7 

.684 

X 

.623 

J 

.500 

i 

.582 

..9*7 

.500 

*333 

.410 

.999 

*1 

.745+ 

J 

.685- 

J 

.549 

1 

n  - 

9 

r~i 

0 

■ 

c 

0 

0 

.232 

0 

.289 

sSSUH 

n 

0 

.222 

0 

— 

.267 

0* 

.376 

1 

.012 

.021 

.006 

zn 

.001 

7575 

1 

.010 

.352 

.005+ 

tw 

.001 

.512 

.061 

.515+ 

.041 

■  55*t 

.017 

■  656 

2 

.055- 

■  500 

.037 

■  603 

.016 

.624 

i 

.129 

.610 

.098 

.71  1 

.053 

*110. 

.116 

.648 

.087 

.619 

.048 

.'703 

4 

.210 

.  768 

.  169 

.  749 

.105+ 

.829 

.  188 

.659 

.150 

7m 

.093 

.7?; 

.2  32 

.022 

.2  51 

Jii 

.171 

■  -<9  5- 

5 

■»  >  ■> 

.778 

.222 

.  778 

.150 

.850 

6 

.  390 

.871 

.289 

.902 

.250 

.947 

6 

.341 

.812 

.26’ 

.860 

.218 

.907 

n 

.43*- 

♦  939 

.*42 

.  9r  9 

.  344 

7 m 

7 

.352 

.884 

381 

.297 

7957 

.609 

.980 

.557 

799^ 

.402 

.999 

8 

.500 

.  94  > 

.397 

.963 

.376 

7951 

9 

.  768 

i 

.711 

1 

.598 

1 

9 

.648 

.  9**  J 

.603 

.995- 

.488 

twt 

ir- 

.778 

1 

.733 

\ 

.624 

1 

n  ■ 

11 

_ 

0 

0 

.197 

0 

.250 

0 

.  359 

n 

0 

.  184 

0 

.236 

0 

.321 

1 

.010 

.  315+ 

.005- 

.369 

.  CO  1 

.  300 

1 

.009 

.'294 

.004 

.  346 

.001 

.445+ 

j 

.949 

.423 

.033 

.  300 

.014 

.  j  9  l 

7 

.  04  5* 

.  398 

.030 

.013 

7T97T 

.  105- 

.5  77 

.079 

.631 

.0.3 

.  66'.' 

l 

.096 

75715 

.072 

7577 

.039 

7W 

4 

.169 

.  685 

.135+ 

.  66  7 

.084 

.  7  }H 

■+ 

.  154 

.602 

.123 

‘7577T 

.076 

7M 

.  197 

.698 

.200 

.750 

.1J4 

.806 

'* 

.184 

.  1 66 

.181 

THE 

.121 

-JS2+ 

*. 

.302 

jflj 

.250 

.  194 

.866 

* 

.271 

.729 

.2  36 

.  764 

.173- 

.825+ 

7 

.  3 IV 

.831 

.  333 

.  065- 

.26  2 

.916 

.  294 

.816 

.294 

.919 

.235- 

.679 

.423 

.  09  **♦ 

.  369 

.921 

.  340 

7917 

* 

.  398 

'7TT7C 

.346 

.8  77 

.302 

~9?r 

.577 

.951 

.  500 

.967 

.407 

.986 

0 

.  500 

7951 

.  4e  C 

."973 

.321 

.961 

lr‘ 

.683- 

.990 

.631 

.99S-*- 

■isa 

.  999 

in 

.  602 

.955- 

.550 

79T0" 

.445+ 

T91T 

I J 

.80  3 

1 

.750 

1 

.641 

1 

11 

.  706 

.991 

.654 

.996 

.555- 

.999 

_ _ 

12 

.81* 

1 

.764 

1 

.679 

r~ 

‘•'.•rr  dti«  .  '  Vv  pi.rnU*i.'-:  :  r*nt  Stitfctii*.  M.ibu1,  NAVORD  REPORT  H69,  NOT?  948,  by 
}.  S'.  A.  D-»v  i  s.  in  J  y..  rn.  I'.S.  Nav.i!  ordnance  T*’«?t 

crr  Chin.i  C  *  1  If  .*rn».i . 
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TABLE  B-13  continued 

CONFIDENCE  LIMITS  FOR  A  PROPORTION  (TWO-SIDED) 


90Z 

95* 

99* 

0 

90* 

95* 

0 

*112 

0 

.225+ 

0 

■  302 

.008 

.276 

.004 

*121 

.001 

■  429 

.042 

*112 

.028 

.434 

.012 

■  523 

.088 

■  470 

.066 

*120. 

.036 

*12 1 

.142 

*Mlz 

.113 

.069 

*m. 

.173 

.621 

.166 

■  673 

.111 

*121 

.246 

*121 

.224 

*210 

.159 

*211 

.276 

*111 

.260 

*112 

.213 

■  841 

.379 

■  827 

.327 

*011 

.273 

■  889 

.455+  .858 

.413 

*ML 

.302 

■  931 

.530 

*111 

.480 

.934 

.406 

*211 

.621 

*111 

.566 

.972 

.477 

.988 

.724 

.992 

.673 

■  996 

.571 

*222 

.827 

1. 

.775- 

1 

.698 

l 

.205+  .674 
.247  .675- 

8  |  .325+  .753 
.326  .795- 

.400  .846 

.500  .878 

.600  .924 

.674  .964 

.753  .993 

5  .846  1 


n  »  15 


.104 

.  bix 

.153 

.629 

.206 

.688 

.207 

*122 

.312 

.794 

.371 

.847 

.389 

.8?6 

.500 

*222 

.611 

.974 

.688 

*222 

.793 

1 

0 

.286 

.001 

.392 

.011 

.500 

.033 

.608 

.064 

.636 

.102 

.714 

.146 

.751 

.195- 

.805+ 

.249 

.854 

.286 

.898 

.364 

■  936 

0 

■JL79  | 

0 

.  264 

.003 

.273 

.001 

.357 

.323 

.352 

.010 

.451 

.053 

.429 

.029 

.525- 

.090 

.500 

1  .055+  .57 9 

.132 

.571 

.083 

.643 

.178 

.648 

.125+  .705- 

.179 

.727 

.166 

*122 

.272 

.728 

.212 

.788 

.273 

.821 

.261 

.834 

.352 

.822 

.295+ 

.875- 

.429 

.868 

.357 

*212 

.500 

.910 

.421 

•  ?«5- 

.571 

.947 

.475+ 

.971 

.648 

.977 

.549 

.990 

.727 

.997 

.643 

.999 

.821 

1 

.736 

1 
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.093 

'.327 

.094 

.365+ 

.145+ 

.407 

.146 

.447 

.204 

.500 

.221 

.553 

.239 

.593 

.291 

.635- 

.326 

.673 

.327 

.674 

.365+ 

.709 

.407 

.761 

.447 

.779 

.500 

.796 

.553 

.854 

.593 

.855- 

.635- 

.906 

.673 

.0"  7 

.709 

.934 

.761 

.958 

.796 

■  980 

.854 

.996 

.907 

_1_ 

.018 

.  190 

.039 

.225- 

.062 

■  279 

.086 

.  30  3 

.134 

.385+ 

.135- 

.425 

.189 

.463 

.1^0 

.500 

TABLE  B-13  continued 

CONFIDENCE  LIMITS  FOR  A  PROPORTION  (TWO-SIDED) 


1  I  .004  -1^0 

.019  -201 

.040  • 732 

.064  -284 

.089  -312 

.090  .355- 

.139  .396 

.  UO  .4354 
.19?  .473 

.208  .52? 


.031 

mm 

.052 

.316 

.076 

.364 

.101 

.415 

.110 

.437 

.148 

.500 

.175- 

.563 

.202 

.570 

.223 

.598 

.269 

.636 

.270 

.684 

.316 

.730 

.364 

■  731 

.402 

.777 

.430 

.798 

.437 

.825+ 

.500 

.852 

.563 

■  890 

.585+ 

.899 

.636 

.924 

.684 

.948 

.730 

.969 

.777 

.987 

.825+ 

.998 

.890 

1 

.604  .861 

.645*  .910 
.688  .911 

.716  .936 

.768  .960 

.799  .981 

.860  .996 

.910  1 


0 

.106 

.002 

.170 

.013 

ai i 

.030 

All 

.050 

All 

.073 

All 

.098 

.384 

.106 

.424 

.142 

.463 

.170 

.537 

.192 

.576 

.217 

.616 

.258 

.619 

.259 

.645+ 

.307 

.693 

.355- 

■  741 

.381 

.742 

.384 

.783 

.424 

.808 

.463 

.830 

.537 

■  858 

.576 

.894 

.616 

.902 

.643 

.927 

.693 

.950 

.741 

.970 

.783 

.987 

.630 

.996 

.894 

I 

0  ,162 
.000  .218 
.005+  ■  273 
.016  .323 

.031  .365- 

.048  .408 


.015+  ■ 316 
.030  . 354 

.046  ■ 397 

.086  ,477 

.108  ,523 

.132  ■ 562 

.157  .603 
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TABLE 

CONFIDENCE  LIMITS 


B-13  continued 

FOR  A  PROPORTION  (TWO  SIDED) 


n  -  29 

N  -  30 

f 

90Z 

95X 

99X 

_ 

f 

90Z 

95Z 

99: 

n 

.  225- 

.537 

.587 

.165+ 

.646 

11 

.219 

.524 

.205+ 

.560 

.152 

.612 

D 

.276 

375+ 

.247 

.626 

.  206 

.654 

12 

.265- 

.554 

.236 

.597 

.198 

.655+ 

EH 

.294 

75TT- 

.251 

.669 

.211 

,  f  P4 

1  1 

.266 

75W 

.244 

.  636 

.206 

In 

14 

.303 

.655+ 

.299 

.  66  i 

.260 

77T7 

14 

.295- 

■  624 

.292 

.675+ 

.249 

Jan 

IS 

.345- 

■  697 

.339 

.  701 

.263 

.740 

15 

.536 

♦  664 

.324 

.676 

.256 

.744 

If. 

.385+ 

.706 

.340 

.749 

.316 

.789 

16 

.376 

JflS* 

.325- 

■  708 

.308 

*251 

17 

.4  r>- 

.724 

.374 

.  753 

.346 

.794 

17 

.416 

■  734 

.364 

.756 

.329 

18 

.463 

.775+ 

.413 

■  789 

.354 

jai- 

18 

.446 

JJfr 

.403 

■  764 

.345- 

19 

.500 

.810 

.451 

.816 

.397 

.843 

19 

.476 

.781 

.440 

tiilr 

.388 

J44 

20 

.537 

2LLL 

.500 

■  834 

.438 

-MS. 

20 

.508 

■  817 

.476 

J2i- 

.430 

*Mi 

21 

.575+ 

tS45+ 

.549 

■  864 

.477 

*£21 

21 

.54  5- 

*811 

.524 

till 

.462 

till 

22 

.615- 

.  8b6 

.587 

till 

.523 

till 

t  > 

.584 

*811 

.560 

*88i 

.495- 

tfiifi. 

23 

.655+ 

.626 

tiflfi. 

.562 

till- 

2  3 

.624 

.fiZL 

.597 

■  900 

.531 

till 

24 

.697 

tin 

.660 

.930 

.603 

till 

24 

.664 

till. 

.636 

tifli 

.570 

till 

25 

.721 

tin 

.701 

-551 

.646 

till 

25 

.  705+ 

till 

.675+ 

till 

.612 

.355+ 

26 

.  775+ 

.961 

.749 

.971 

.684 

.985- 

76 

.7  34 

.941 

.708 

.952 

.655+ 

.972 

27 

.810 

.982 

.789 

.988 

.737 

.995- 

27 

.781 

.963 

.756 

.972 

.690 

.985+ 

28 

.865+ 

.996 

.834 

.998 

.789  1.000 

t’rt 

817 

.982 

.795- 

.988 

.744 

.995- 

29 

.913 

L 

.897 

L 

.840 

1_ 

.870 

.996 

.837 

,198 

.794 

1.000 

in 

.916 

L 

.900 

L 

.848 

L 
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TABLZ  8-14 

CONFIDQtCE  LIMITS  FOR  A  PROPORTION  (ONE-SIDED) 

If  the  observed  proportion  1*  f/n,  enter  the  table  with  N  and  f  for  an  upper 
one-eided  Halt.  For  a  lower  one-ilded  Halt,  enter  the  table  with  N  and 
N  -  f  and  aubtract  the  table  entry  froa  1. 


F 

901 

951 

991 

F 

901 

952 

99X 

F 

90X 

95X 

99X 

n  -  2 

n  ■  3 

! _ _  n  * 4 

0 

.684 

.776 

.900 

m 

BB 

19 

.  785- 

0 

mm 

BB 

.648 

1 

.449 

.975- 

.995- 

n 

KJJl 

BB 

.941 

1 

BB 

.859 

BB 

.997 

2 

Km 

BB 

.958 

■ 

HI 

■MB 

3 

■ 

EH 

.997 

n  *  5 

n-6 

1 _ "  *7 _ 

n 

.  369 

■  | 

0 

.319 

.393 

.536 

n 

BB 

.482 

n 

.584 

K  1 

1 

.510 

.582 

.706 

n 

.453 

El 

.643 

iH 

.75  3 

mm 

2 

.667 

.729 

.827 

H 

K  m 

.764 

.888 

11 

3 

.799 

.847 

.915+ 

H 

.721 

.  775- 

.858 

Ef 

.979 

.990 

.998 

4 

.907 

.937 

.973 

inf 

.830 

.871 

.929 

■ 

5 

.983 

.991 

.998 

B 

.921 

.947 

.977 

■ 

H 

.985+ 

.993 

.999 

a  *  8 

a  -  9 

n  *  10 

n 

.250 

.  312 

.438 

0 

.226 

.401 

n 

.206 

.259 

.369 

i 

.406 

.471 

.  590 

1 

.368 

.544 

■l 

.337 

.394 

.504 

2 

.600 

.707 

MM 

.490 

.656 

.450 

.507 

.612 

3 

■39 

.711 

.802 

B 

.599 

.750 

.552 

.607 

.703 

4 

.760 

.807 

.879 

n 

.699 

.829 

.646 

.696 

.782 

5 

.853 

.889 

.939 

H 

.790 

.831 

.895- 

.733 

.778 

.850 

6 

.954 

.980 

m 

.871 

.902 

.947 

. 

.812 

.850 

.907 

7 

1 

.994 

.999 

7 

.939 

.959 

.983 

.884 

.913 

.952 

■ 

8 

.988 

.994 

.999 

.945+ 

.963 

.984 

1 

.990 

.995- 

.999 

|  n  -  11 

n  -  12 

n  -  13 

0 

.189 

.238 

.342 

0 

.175- 

.221 

.319 

B 

.162 

.206 

■RM 

1 

.  310 

.  364 

1 

.287 

.  339 

.440 

.268 

.316 

SBIftl 

2 

.415+ 

.470 

.572 

2 

.306 

.438 

.537 

.360 

.410 

3 

.511 

.564 

.660 

3 

.475+ 

.527 

.622 

.444 

.495- 

4 

.599 

.650 

.738 

4 

.559 

.609 

.698 

.523 

.573 

m  il 

5 

.682 

.729 

.806 

5 

.638 

.685- 

.765+ 

5 

.598 

.645+ 

.727 

6 

.759 

mm 

.866 

6 

.712 

.  755- 

.825+ 

6 

.669 

.713 

.787 

7 

.831 

K9 

.916 

7 

.781 

.819 

.879 

.736 

.776 

.841 

3 

.895+ 

.921 

.957 

8 

.046 

.877 

.924 

.799 

.834 

.889 

Q 

.951 

.967 

.986 

9 

.904 

.928 

.961 

.858 

.887 

.931 

10 

.990 

.995+ 

.999 

10 

.955- 

.970 

.98  7 

B 

.912 

.934 

.964 

.996 

.999 

II 

.958 

.972 

.988 

1 

iH 

.992 

.996 

.999 

n  *  ]4 

"  ’  15  _ 1 

T.  -  16 

0 

.152 

.  193 

.280 

0 

.142 

.181 

.264 

0 

.134 

.171 

.250 

.  2->l 

.297 

.  389 

1 

.236 

.368 

1 

B 

■ 

.349 

.t  37 

.  J85+ 

.478 

2 

.317 

■ 

.453 

n 

•  B 

.430 

3 

.41  / 

.  466 

.557 

3 

.393 

.440 

.529 

mm 

|  1 

.503 

4 

.492 

.540 

.627 

4 

.464 

.511 

.597 

H 

B 

1  9 

.569 

5 

.563 

.610 

.692 

5 

.532 

.577 

.660 

B 

mm 

Eh 

.630 

Reproduced  bv  permission  f .  oa  Statistics  Manual,  F+VORD  REPORT  3369,  NOTS  948,  by 
E.L.  Crow,  F.A.  Davis,  and  M.W.  Marflcld,  1955,  U.5.  Naval  Ordnance  Test  Station, 

China  Lake,  California. 
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TABLE  B-14  continued 


CONFIDENCE  LIMITS  FOR  A  PROPORTION  (ONE-SIDED) 


f 

902 

952 

992 

1  f 

902 

952 

992 

n  -  23 

n  -  30 

.076 

.098 

.147 

.074 

.095+ 

.142 

.128 

.153 

.208 

.124 

.149 

.202 

.173 

.202 

.260 

.168 

.195+ 

.252 

.216 

.246 

.307 

.209 

.239 

.298 

.257 

.288 

.350 

.249 

.280 

.340 

5 

.297 

.329 

.392 

5 

.287 

.319 

.381 

6 

.335- 

.368 

.432 

6 

.  325- 

.357 

.420 

7 

.372 

.406 

.470 

7 

.361 

.394 

.457 

8 

.409 

.443 

.507 

8 

.397 

.430 

.493 

9 

.445+ 

.479 

.542 

■PS 

.432 

.465+ 

.527 

10 

.481 

.514 

.577 

■ 

.466 

.499 

.561 

11 

.515+ 

.549 

.610 

.500 

.533 

.594 

12 

.550 

.583 

.643 

■§# 

.533 

.  366 

.626 

13 

.583 

.616 

.674 

■S* 

.566 

.598 

.657 

14 

.616 

.648 

.705- 

■Hi 

.599 

.630 

.687 

15 

.649 

.680 

.734 

15 

.630 

.661 

.716 

16 

.681 

.711 

.763 

16 

.662 

.692 

.744 

17 

.712 

.741 

.791 

17 

.692 

.721 

.772 

13 

.743 

.771 

.818 

18 

.723 

.750 

.799 

19 

.774 

.800 

.843 

19 

.752 

.779 

.824 

20 

.803 

.828 

.868 

20 

.782 

.807 

.849 

21 

.832 

.855- 

.892 

21 

.810 

.834 

.873 

22 

.860 

.881 

.914 

22 

.838 

.860 

.896 

23 

.888 

.906 

.935- 

23 

.865+ 

.885+ 

.917 

24 

.914 

.930 

.954 

24 

.891 

.909 

.937 

25 

.938 

.951 

.970 

25 

.917 

.932 

.955+ 

26 

.961 

.971 

.985- 

26 

.941 

.953 

.972 

27 

.982 

.988 

.  995- 

27 

.963 

.972 

.985+ 

28 

.996 

.998 

1.000 

28 

.982 

.988 

.995- 

29 

.996 

.998 

1.000 
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TABLE  B-15 

TABLE  OF  ARC  SINE  TRANSFORMATION  FOR  PROPORTIONS 
0  *  2  arc  sin/\/p 


-  p 

0 

P 

0 

P 

0 

P 

0 

.00 

.00 

.25 

1.05 

.50 

1.57 

.75 

2.09 

.01 

.20 

.26 

1.07 

.51 

1.59 

.76 

2.12 

.02 

.28 

.27 

1.09 

.52 

1.61 

.77 

2.14 

.03 

.35 

.28 

1.12 

.53 

1.63 

.78 

2.17 

.04 

.40 

.29 

1.14 

.54 

1.65 

.79 

2.19 

.05 

.45 

.30 

1.16 

.55 

1.67 

.80 

2.21 

.06 

.49 

.31 

1.18 

.56 

1.69 

.81 

2.24 

.07 

.54 

.32 

1.20 

.57 

1.71 

.82 

2.27 

.08 

.57 

.33 

1.22 

.58 

1.73 

.83 

2.29 

.09 

.61 

.34 

1.25 

.59 

1.75 

.84 

2.32 

.10 

.64 

.35 

1.27 

.60 

1.77 

.85 

2.35 

.11 

.68 

.36 

1.29 

.61 

1.79 

.86 

2.37 

.12 

.71 

.37 

1.31 

.62 

1.81 

.87 

2.40 

.13 

.74 

.38 

1.33 

.63 

1.83 

.88 

2.43 

.14 

.77 

.39 

1.35 

.64 

1.85 

.89 

2.47 

.15 

.80 

.40 

1.37 

.65 

1.88 

.90 

2.50 

.16 

.82 

.41 

1.39 

.66 

1.90 

.91 

2.53 

.17 

.85 

.42 

1.41 

.67 

1.92 

.92 

2.57 

.18 

.88 

.43 

1.43 

.68 

1.94 

.93 

2.61 

.19 

.90 

.44 

1.45 

.69 

1.96 

.94 

2.65 

.20 

.93 

.45 

1.47 

.70 

1.98 

.95 

2.69 

.21 

.95 

.46 

1.49 

.71 

2.00 

.96 

2.74 

.22 

.98 

.47 

1.51 

.72 

2.03 

.97 

2.79 

.23 

1.00 

.48 

1.53 

.73 

2.05 

.98 

2.86 

.24 

1.02 

.49 

1 . 55 

.74 

2.07 

.99 

1.00 

2.94 
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TABLE  B-16 

TABLES  FOR  TESTING  SIGNIFICANCE  IN  2  X  2  TABLES  WITH  UNEQUAL  SAMPLES 

Table  B-16  shows  (1)  for  given  a1#  n and  n2,  the  value  of  a2,  as  the  whole  digit  (e.g.,  for  .«j  •  5, 
ni  .  5,  n2  -  4,  a2  ■  l)  which  is  Just  significant  at  the  probability  level  quoted  In  oarentheses  for  a 
two-sided  test  and  without  parentheses  for  a  one-sided  test,  (2)  in  small  type,  for  a  given  Oj,  n2  and 
al  +  a2»  the  exact  probability  (if  there  is  independence)  that  a2  is  equal  to  or  less  than  the  Integer 
shown  in  bold  type. 


Adapted  from  a  table  of  the  same  fom  with  probabilities  to  4  decimals  prepared  In  the  Statistical 
Engineering  laboratory,  National  Bureau  of  Standards,  !>y  Anna  >t.  Glinski  and  John  Van  !)vV<*  fror.  tables 
of  the  Hypergrometr tc  Probability  Distribution  by  Gerald  .1.  Liebcman  and  Donald  B.  Oven,  Technical 
Report  No.  SO  (contract  N'onr-22 5(53)  (NR  042-002),  applied  Mathematics  and  Statistics  laboratories, 
Stanford  University,  Stanford,  California. 


2-55 


Reproduced  From 
Best  Available  Copy 


MTP  3-1-005 
1  March  1972 


TABLE  B-16  continued 


TABLES  FOA  TESTING  SIGNIFICANCE  IN  2  (2  TABLES 


al 

Significance  Level 

dl 

Significance  Level 

0.C5 

(0.10) 

0,01 

(0.02) 

0.005 

(0.01' 

0.05 

(0.10) 

0.025 

(0,05) 

0.01 

(0.02) 

0.005 

(0.01) 

9 

mm 

1.005- 

1.005- 

1.005- 

n^lO  r.j=4 

10 

1.011 

MW 

0.0C1 

0.001 

8 

1  .023 

0.O0J 

0.003 

9 

1  .041 

o.cos- 

0.005- 

7 

0.010+ 

0.010* 

- 

- 

8 

10.015- 

0.015- 

- 

- 

6 

0.028 

- 

- 

- 

7 

0.035- 

' 

■ 

• 

4 

9 

1 . 01*4 

1.014 

0.001 

0.001 

3 

10 

1  .038 

0.003 

0.003 

0.0C3 

8 

0.007 

0.007 

0.007 

- 

9 

0.014 

0.014 

- 

* 

7 

0.021 

0.021 

- 

- 

9 

0.035 

- 

6 

0.049 

- 

- 

- 

2 

10 

0.015* 

0.015* 

- 

3 

9 

*  .045* 

0.005- 

■ 

.cos- 

9 

0.045* 

- 

8 

*1.018 

0.018 

hKoIsh 

- 

7 

0.Q45* 

- 

- 

1 

nj^li  Hj-ll 

11 

7.045+ 

MS  flj 

5.00c- 

A.  002 

2 

9 

0.018 

0.018 

_ 

10 

5.032 

3 . 004 

3.004 

■  i 

k.  040 

ill  l.i  .n 

2.004 

2.004 

ni =1C  no=10 

10 

6.043 

5.016 

A. 005+ 

3.302 

8 

3.0+3 

Bib  s 

1.004 

1.004 

9 

A.  029 

3.010- 

3.310- 

2.SC3 

2.040 

1  .012 

0.002 

0.002 

8 

3.035- 

2.012 

1 .003 

1.003 

1  .032 

0.006 

0.006 

• 

7 

2.035- 

1.010- 

1 .010- 

0.302 

0.018 

0.018 

- 

• 

6 

1.029 

0.005* 

0.005+ 

- 

0.045+ 

• 

- 

5 

0.016 

0.016 

- 

- 

4 

0.043 

10 

11 

6.035+ 

5.012 

A.  004 

L.0C4 

10 

A.  021 

A. 021 

3.007 

2.002 

9 

10 

5.033 

A. 011 

3.003 

3.003 

3 

3-024 

3-024 

2.007 

1 .002 

9 

1.050- 

3.017 

2.005- 

2.005- 

a 

2.023 

2.023 

1 . 0  16 

0.001 

8 

2.013 

2.019 

1  .C04 

1 . 00“ 

7 

1.017 

1.017 

0.303 

0.003 

7 

1.015- 

1.002 

0.002 

O.C02 

6 

1  .043 

0.009 

0.009 

- 

6 

1.0+0 

0.005 

0.008 

- 

5 

0.023 

0.023 

- 

- 

5 

0.022 

0.022 

- 

- 

2 

11 

5.026 

A.  003 

A.  003 

3 . 002 

9 

10 

A. 023 

A. 023 

■  )>-« 

2.003 

1  0 

A.  038 

3.012 

2.003 

2.003 

9 

3.032 

2.009 

1.00. 

9 

3.040 

2.012 

1.001 

1 .003 

8 

2.031 

1.008 

■ 

0.3-1 

a 

2.035- 

1 .009 

0.0C9 

0.001 

7 

1.023 

1.023 

1 

0.  00** 

** 

1.025- 

1.025- 

0.CO4 

o.oo4 

6 

0.311 

0.011 

- 

- 

6 

0.012 

- 

- 

5 

0.02? 

- 

- 

- 

c 

0. 030 

■B|| 

- 

- 

7 

10 

3.015- 

3.015- 

2.or> 

2.  -73 

9 

13 

A. 313 

3 .  2C1-  - 

3.075- 

9 

2.013 

2.018 

1  .o 

1  .  o 

10 

3.024 

2.006 

1  .001 

8 

1.013 

1.013 

0.30. 

0.022 

9 

2.023 

2.C22 

1.326- 

1 . ooc - 

7 

1.036 

0.006 

0,  206 

- 

3 

1.015- 

1.015- 

0.302 

0.002 

6 

0.017 

0.017 

- 

- 

7 

1 .037 

0.QO7 

Q.0C7 

- 

5 

0.041 

- 

- 

- 

6 

0.017 

0.017 

- 

- 

c 

0.040 

6 

10 

J.C36 

2 . 90S 

2.  :09 

1.0*1 

> 

2.036 

1.009 

1 . 001 

0.331 

7 

11 

U .  0»-  3 

?.:u 

2.0C2 

2 . 002 

9 

I  .  024 

1.024 

0. 003 

0.033 

10 

3.04’ 

2.013 

1 .002 

1  .  JC2 

7 

0.510+ 

0. 310+ 

- 

- 

•? 

2.034 

1 . 009 

1 . 004 

0.301 

6 

0.326 

- 

- 

- 

9 

1.025- 

1  .025- 

0.004 

0.024 

7 

0.01C+ 

0.010* 

- 

s 

13 

2.022 

2.022 

1 . 004 

1 . 004 

e 

0. 225  - 

- 

- 

3 

1  .01- 

1  .  Cl  7 

0.032 

0.002 

8 

1.047 

o.o:*’ 

0. 00- 

- 

c. 

ii 

3.024 

2.2  34 

2.006 

1 .301 

D 

0.019 

nmm 

- 

i; 

2.225 

1.225* 

1.305+ 

0.001 

0.3+2 

■H 

" 

9 

1 .219 

!  .018 

IH 

o.c-er 
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TABLE  B-16  continued 

TABLES  FOR  TESTINC  SIGNIFICANCE  IN  2  X  2  TABLES 


Significance  level 

1 

Significant*  l*v«l 

0.05 

(0.10) 

0.025 

(0.05) 

rt.Ol 

(0.02) 

0.005 

(0.01) 

1 

0.05 

(0.10) 

0.025 

(0.05) 

0.01 

(0.02) 

0.005 

(0.01) 

1.043 

0.007 

0.007 

- 

nj  =  12  nj  *  9 

7 

1.037 

0. 007 

0.007 

„ 

0.017 

0.017 

- 

- 

6 

0.017 

0.017 

- 

0.037 

- 

- 

5 

0.039 

- 

- 

- 

2.018 

2.018 

1.003 

1.003 

0 

12 

5.049 

4.014 

3.004 

3.004 

1.013 

1.013 

0.001 

o.ooi 

11 

3.018 

3.018 

2.004 

2.004 

1.036 

0.005- 

0.005- 

0.005- 

10 

2.015. 

2.015. 

1.003 

1 .001 

0.013 

0.013 

- 

- 

9 

2.040 

\ .010- 

1  .<uo- 

0.001 

0.029 

- 

- 

- 

8 

1.025- 

1.025- 

0.004 

0.304 

7 

0-OlOf 

O.OlOf 

- 

- 

1.009 

1  .009 

1.009 

0.001 

6 

0.024 

0. 024 

- 

• 

1.033 

0. 004 

0.004 

0.004 

o.ou 

o.ou 

• 

- 

7 

12 

4.036 

3-009 

3-  n09 

2.002 

0.026 

- 

- 

n 

3.038 

2.010- 

2.010- 

1.002 

10 

2.029 

1.006 

1.006 

0.001 

1.033 

0.003 

o.oo: 

0.003 

9 

1.017 

1 .017 

0.002 

0.002 

0.011 

o.ou 

* 

- 

9 

1 .040 

0.007 

0.007 

- 

0.027 

- 

- 

- 

7 

0.016 

0.016 

- 

- 

6 

0.034 

- 

- 

- 

0.013 

0.013 

- 

0. 038 

- 

- 

- 

6 

12 

3.025- 

3.02'- 

2. COS- 

2.005- 

11 

2.022 

2.022 

1.004 

1.004 

8.047 

7.019 

6.307 

5.002 

10 

1.013 

\.A3 

0. 002 

o.oor 

6.034 

5-014 

k . 

4.005- 

9 

1.032 

0  005- 

0.005- 

a. cos- 

5.045- 

-.018 

3  -  :C6 

2.002 

8 

0.011 

0.011 

- 

. 

4.050- 

3.020 

2-006 

1.001 

7 

0.025- 

0.025- 

_ 

_ 

3.050- 

2.018 

1 .005- 

1.005- 

6 

0.050- 

* 

- 

- 

2.045- 

1.014 

0.002 

0.  002 

1.034 

0.007 

0.007 

- 

5 

12 

2.015- 

2.015- 

1.002 

1 . 002 

0.019 

0.019 

- 

- 

1  t 

1.010- 

1 .010- 

1.010- 

0.00* 

0.047 

_ 

_ 

- 

10 

1  .020 

0.003 

0.003 

0.0C3 

=■ 

0.009 

0.009 

0. 009 

- 

7.037 

6.014 

5.005- 

5.005- 

5 

0.020 

0.020 

- 

- 

5-024 

5.024 

4.008 

3.002 

7 

0.041 

- 

- 

- 

4.029 

3.010* 

2.003 

2.003 

3.030 

2.009 

2.009 

1.002 

4 

1? 

2.050 

1.007 

1.007 

0.031 

2.026 

1.007 

1.007 

0.001 

11 

1 .027 

0.003 

0.003 

0.003 

1.019 

1  .019 

0.003 

0.C03 

10 

0.009 

0 . 000 

0.  008 

- 

1.045- 

0.009 

0.009 

- 

9 

0.019 

0.019 

- 

- 

0.024 

0.024 

- 

- 

0 

0.038 

- 

- 

- 

6.029 

5.010- 

5.013- 

4.003 

3 

12 

1.029 

0.0-2 

0.CC2 

0.732 

5.043 

4.015. 

3.005- 

3.005- 

11 

0.009 

0.009 

0.009 

4.048 

3.017 

2.CC5- 

2.305- 

10 

0.022 

0.022 

- 

- 

3.046 

2.015- 

1 . 0C4 

1.004 

9 

0.044 

- 

- 

- 

2.039 

1.01  Of 

0.002 

0.0C2 

1 .026 

r  005- 

0.005- 

0.005- 

2 

1? 

0.011 

0.011 

- 

- 

0.012 

0. 012 

- 

- 

11 

0.033 

- 

- 

- 

0.030 

n:  =  13  no  =13 

1  j 

5.04  9 

8.020 

7.007 

6.205 

5.021 

5.021 

4.036 

3 . 002 

1? 

7.037 

6.015. 

5.006 

4.302 

4.029 

3-009 

3.009 

2.002 

11 

6.049 

5.021 

4.C08 

3.202 

3.029 

2.008 

2.008 

1.002 

10 

4.024 

4.024 

3. CCS 

2  .ro; 

2.024 

2.C2U 

I  .006 

0.001 

9 

3.024 

3.024 

2.008 

1  . 002 

1 . 01 6 

1.016 

0.002 

0.002 

9 

2.021 

2.C21 

1 . 006 

0.301 
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TABLE  B-16  continued 

TABLES  FOA  TESTING  SIGNIFICANCE  IN  2  X  2  TABLES 


— 

al 

Significance  Level 

al 

Significance  Level 

0.05 

(0.10) 

0.C25 

(0.05) 

■nrra 

0.005 

(0.01) 

EH 

0.01 

(0.02) 

0.005 

(0.01) 

7 

2.048 

1.015+ 

0. 003 

0.003 

nj  =13 

11 

2.022 

6 

1  .037 

0.007 

0.007 

- 

10 

5 

0.320 

0.C20 

- 

- 

o 

1  .029 

0.004 

o.oo4 

B1  m 

4 

0.048 

- 

- 

- 

8 

0.010+ 

0.010+ 

- 

- 

7 

0.022 

0.022 

- 

- 

13 

8.039 

7.015- 

6.005+ 

5.002 

6 

0.044 

- 

- 

- 

12 

6.027 

5.010- 

5.010- 

4.003 

1 1 

5.033 

4.013 

3.004 

3.004 

6 

13 

3.021 

3.021 

2.004 

2.004 

10 

4.036 

3.013 

2.004 

2.004 

12 

2.017 

2.017 

1.003 

1 .003 

9 

3.034 

2.011 

1 .003 

1  .003 

11 

2.046 

1 .010- 

1.010- 

0.001 

8 

2.029 

1.003 

1 .008 

0.001 

10 

1 .024 

1.024 

0.003 

0.003 

7 

1.020 

I  .020 

o.oo4 

0.004 

9 

1.050- 

0.008 

0.008 

- 

6 

1.046 

0.010- 

0.010- 

- 

8 

0.017 

0.017 

- 

- 

5 

0.024 

0.024 

~ 

* 

7 

0.034 

- 

- 

- 

13 

7.031 

6.011 

5.003 

5.003 

5 

13 

2.012 

2.012 

1  .002 

1.002 

12 

6.0*8 

4.006 

3.002 

12 

2.044 

1  .008 

1.008 

0.001 

11 

4.021 

4.021 

3.007 

2.002 

11 

1.022 

1.022 

0.002 

0.022 

10 

3.021 

3.021 

2.006 

1.001 

10 

1 .047 

0.007 

- 

) 

3.050- 

2.017 

1 .004 

1.004 

9 

0.015- 

0.015- 

- 

- 

8 

2.040 

1 .011 

0.002 

8 

0.029 

- 

- 

- 

7 

1.027 

0.005- 

0.005- 

6 

0.012 

- 

- 

u 

13 

2.044 

1  .006 

0.000 

5 

- 

- 

- 

12 

1 .022 

1 .022 

0.002 

11 

0.006 

0.006 

0.006 

- 

13 

6.024 

5-007 

4.002 

10 

0.015- 

0.015- 

- 

- 

12 

5.035- 

4.012 

3.003 

3.003 

9 

0. 029 

- 

- 

- 

11 

3.012 

2.003 

2.003 

10 

in»i  ’  >„ 

2.010+ 

1  .002 

1.002 

3 

13 

1.025 

1.025 

0.302 

0.002 

9 

I  .006 

1 .006 

0.001 

12 

0.007 

0.007 

0.007 

- 

8 

1.017 

0.003 

0.003 

11 

0.018 

0.018 

- 

- 

7 

1.028 

0.007 

0.007 

- 

10 

0.036 

- 

- 

- 

5 

EKSa 

- 

- 

5 

0.036 

- 

- 

2 

13 

o.oio- 

0.010- 

0,010- 

- 

5.017 

5.017 

4.005- 

4.005 

12 

0.029 

- 

- 

12 

4.023 

3.007 

2.001 

n^=l4  n2-l4 

14 

0.049 

■Ml 

8.008 

11 

¥WS» 

3.023 

2.006 

1.001 

13 

3.038 

■239 

6.006 

K 

10 

2.017 

2.017 

1 .004 

1 .004 

12 

6.023 

6.023 

5-009 

Ml 

9 

2.040 

I . 0i0+ 

o.ooi 

o.ooi 

11 

5.027 

4.011 

3-004 

8 

1.025- 

1 .02-- 

0, 004 

0.004 

10 

4.026 

3.011 

2.003 

m  3kii 

7 

0.010+ 

0.0104 

- 

- 

9 

3.027 

2.0C9 

2.009 

1  .002 

6 

- 

- 

8 

2.023 

2.013 

1.006 

o.ooi 

5 

o.:  9 

- 

- 

7 

1.016 

1.016 

0.003 

0.003 

6 

1  .038 

1.008 

0.003 

0  - 

13 

5.042 

4.012 

3.003 

3.003 

5 

0.020 

0.020 

- 

- 

12 

4.047 

3.014 

2.003 

2.0C3 

4 

0.049 

- 

- 

- 

11 

3.C41 

2.011 

1.002 

1.002 

10 

2.029 

1.007 

1 . 007 

0.001 

13 

14 

9-041 

8.016 

6.002 

0 

1.017 

1.017 

0. 002 

0.002 

13 

7-029 

6.011 

5.004 

5.0C4 

8 

1.03- 

0 . 0C6 

0.006 

12 

6.037 

5.015+ 

4.005+ 

3.002 

7 

0.015- 

0.015- 

- 

11 

5.041 

4.017 

3. COS 

2.001 

5 

0.022 

_ 

1 0 

U  .  041 

3.016 

2.005- 

2.C05- 

9 

3.033 

2.013 

1  .002 

1.002 

1? 

4.031 

3.007 

3.0C7 

2.001 

8 

2.031 

1  .  309 

1  .009 

o.ooi 

12 

3.031 

2.007 

2.C07 

1  .001 

_ 
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TABLE  B*16  continued 

TABLES  FOR  TESTING  SIGNIFICANCE  IN  2  X  2  TASLES 


Significance  Level 


0.05 

(0.10) 

0.025 

(0.05) 

5.C22 

5.022 

4.020 

4.020 

3.014 

3.014 

3.032 

2.008 

2.017 

2.017 

2.034 

J.0C7 

1.015+ 

1 . 015+ 

1  .028 

0.004 

1 .049 

0.008 

0.016 

0.016 

0.028 

- 

0.048 

- 

4.015+ 

4.015+ 

3.012 

3.012 

3.032 

2.007 

2.017 

2.017 

2 . 034 

1.007 

1.014 

1.014 

1.027 

0.004 

1.046 

0.007 

0.013 

0.013 

0.024 

0.024 

0.040 

3.010- 

3.010- 

3.025+ 

2.006 

2.018 

2.018 

2.338 

1.007 

1.015- 

1.015- 

1.003 

0.003 

1 .048 

0.0C7 

0.013 

0.  Cl  3 

0.022 

0.022 

0.037 

- 

3.040 

2.006 

1 .003  I  1.003 


Significance  Level 


0.05  0.025  0.01 

(0.10)  (0.C5)  (0.C2) 


0.017 

0.017 

0.029 

• 

0.045+ 

- 

1.014 

1.014 

1 .041 

0.003 

0.008 

0.008 

0.015+ 

0.015+ 

0.026 

- 

0.04  2 

- 

0.005+ 

0.005+ 

0.016 

0.016 

0.032 

- 
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TABLE  B-16  concinutd 


TABLES  FOB  TESTING  SIGNIFICANCE  IN  2  X  2  TABLES 


1 

Significance  Level 

1 

O.CS 

(0.10) 

0.0*5 

(0.05) 

0.01 

(C.02) 

0.005 

(0*01) 

Bui 

0.025 

(0.05) 

C.Ci 

(0.07) 

0.005 

(0.01) 

S.oso- 

7.023 

6.010- 

5.004 

n,  =14  n  =13 

1 8 

3.020 

9.020 

8.006 

7-002 

1C 

6.323 

6.223 

5.312- 

4.003 

* 

18 

8.329 

7.010. 

6.003 

6.003 

I E 

6.349 

5.322 

4.909 

3-393 

17 

7-031 

6.011 

5.004 

S.ao- 

5.045- 

4.019 

3.397 

2.992 

16 

6.929 

5.aii 

4.003 

4. 003 

li 

It. 039 

3.31  s* 

2.  50" 

2. :05- 

15 

5-925. 

‘.009 

4.009 

J.QC3 

10 

3.033 

2.011 

1.003 

1.333 

14 

4.020 

4.220 

3.006 

2.002 

>i 

2.024 

2.024 

I.C07 

0 .  .01 

13 

4.043 

3.015- 

2.00*- 

2.00- 

8 

2.047 

1.915- 

0.002 

0.532 

1  v 

?.029 

2.009 

2.GC9 

I.OOi 

7 

1.931 

0.996 

0.006 

- 

11 

2.019 

2.019 

1.005- 

1.005- 

0.914 

0.914 

- 

* 

10 

2.036 

1.C10- 

t.010- 

o.cci 

*> 

0.031 

" 

- 

- 

9 

1.020 

1.020 

0.003 

0.00? 

9 

1.036 

1 . 007 

0.007 

_ 

]  ) 

12.935- 

1 1 . 91 3 

JO.OCS- 

10.295- 

7 

0.015- 

C.0I5- 

__ 

18 

10.024 

io.  o;*~ 

9.219- 

8.394 

t 

0.030 

17 

9.031 

8.913 

7.295. 

6.95: 

:e 

8.335- 

7. 015* 

6.996 

5.932 

12 

19 

9.C44 

8.016 

7.005- 

7.005- 

i : 

7. 03b 

6.01b* 

5.996 

4.902 

19 

7.022 

7.022 

6.007 

5.002 

14 

6.334 

5.214 

4.005. 

3*  -52 

l7 

6.022 

6.022 

5.007 

4.902 

13 

5.031 

4.912 

3.  304 

3.394 

16 

5-019 

5.919 

4.596 

3.00? 

l? 

6.027 

3.219- 

3- 1.9- 

2.^03 

7  fc 

5.5-2 

4. CIS. 

3.004 

3-0-4 

li 

3.921 

3.:.’: 

2 . 007 

i  . 

14 

4.03? 

3-011 

2.003 

2.003 

i-: 

3.04? 

2.  -15- 

1.^4 

1 .  ;c4 

13 

3.C21 

3.923 

'2.006 

1.091 

2.039 

1.001 

1.019 

0.  331 

1? 

3.249 

2.914 

1.593 

I.OQ! 

a 

1 .018 

1  .o;*j 

o  o:o 

0.-0  3 

11 

2.027 

I.0C7 

1.00’ 

0.001 

1.037 

o.  :o7 

0.007 

- 

1 J 

2 .050- 

1. 914 

0.002 

o.cc? 

e 

*.017 

0.017 

- 

- 

? 

1.-77 

0.905- 

0.01!- 

0.335- 

0.  -  36 

- 

- 

- 

a 

1 . C50- 

0.019- 

0.519- 

- 

0 . 01  9 

0.919 

_ 

19 

1 1 . 329 

10. 211 

9. 

9-  55- 

6 

0.C37 

. 

• 

1? 

10.046 

9.313 

8...- 

7.-02 

•  7 

8.::? 

8.3.3 

7.-1  3 

6.-14 

11 

1  i 

8.>; 

7-012 

6.003 

6.32  3 

ie 

7.015- 

7. 325- 

6. 31.- 

5.11' 

.6 

7.34' 

6.916 

5.034 

5.904 

6.024 

6. 

5...- 

4.353 

] n 

6.0-3 

5.916- 

4.094 

4.3-4 

1  -* 

5.022 

5.22  9 

4.;;s 

3.3  22 

1  b 

5.935. 

4.012 

3.253 

J.CJJ. 

1 3 

5.245* 

4.339 

3.336 

2.  3  92 

;  ! 

U.O-'l 

3- 399 

3.0:8 

ivia 

i: 

*.:37 

3.'1- 

2 .  -  *♦ 

2 .  . 

3-1I4 

3.219 

2.995- 

HeBm 

1 1 

3.019 

2  :c$ 

2.::* 

1 . 

;  ;• 

3.1?*. 

2.010, 

1.300 

1  .COT 

: : 

2.229 

2.:*: 

i . 

.001 

;  o 

2.221 

2.021 

1 .005- 

? . 

2.03:- 

i 

0..C? 

o. 

i . 

2.2-3 

1.319* 

0. 3CI 

o.c:i 

= 

f .  >?.• 

o. 

0.0  '4 

i  * 

1 . 020 

i .  :?c 

0.003 

0.3C3 

- 

1 .046 

o. 

o.;:  • 

4 

1 .037 

0.  006 

0.296 

- 

o.;:: 

0 .  3 .  . 

- 

- 

a 

0.02  3 

0.217 

- 

- 

0.3-2 

- 

- 

- 

0. 32r- 

0.221- 

- 

- 

6 

0.2-5 

:  > 

io.:.- 

io. cr- 

9.19j 

8.32'- 

;  - 

9.:-- 

8.334 

7. 316- 

KJKHK 

1 1 

:  9 

7.1-*.’ 

6.C09 

6.509 

5.022 

8.3.. 

7.31’ 

6 .  .  > 

Bn  ■ 

6. : 

5.2U 

4.  003 

4.0C3 

5.3  2-: 

KS59 

i " 

5.330 

4.009 

3.092 

is 

4.  ZZb* 

3.192 

if 

4.  322 

6.522 

3.726 

7.c:i 

3.124 

3.194 

i : 

4. 

3-015- 

2-004 

2. 

3  13 

3.-2  3 

2.  10.3 

3  •  0  ’  5 

2.0:0 

2.309 

i  .c:t 

3.;:: 

3.3.. 

2.:  06 

1.  -1 

2.1.'’ 

2, Cl? 

1.004 

t.c:-4 

: . 

3.3-2 

2 . :  1  j 

1 . .. « 

i . * 

-■ 

2 . ;  ‘ 1 

1  ,:?8 

1.009 

0.22: 

2.00" 

-1 

1 

o.  :: 

1  .  016 

i.o:e 

0.002 

0.9-2 

1 . 

o. . 

0. 

i  .:•/? 

0.225- 

0- 305- 

0.225- 

- 

i . : 

o.:;s* 

0 .  -  .■ :  ♦ 

- 

0.  O'- 

0.0:? 

0.009 

- 

0.  ... 

0. :.. 

- 

- 

0..18 

o.::« 

- 

- 

c. 

0. 

- 

- 

o.-  ». 

- 

- 

- 

o .  >  - 
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TABLES  B- T 6  continued 


TABLES  F OB  TESTING  SIGNIFICANCE  IN  2  X  2  TABLES 


■ 

■ 

1 

0.05 

(0.10) 

0.025 

(0.05) 

0.01 

(0.02) 

0.005 

(0.01) 

R 

C  .95 
(0.10) 

O.C25 

(0,05) 

O.ul 

(0.02) 

0.005 
(C.G1 ) 

n  *19  n  =  9 

1 ? 

6.026 

5.006 

RNWM 

6.00L 

n  =19  n  =5 

•^2 

0.019 

0.C1  1 

. 

13 

5.02O 

6.007 

E  ESpI 

3.001 

a 

C.030 

- 

- 

- 

17 

4.020 

6.020 

KEIff 

3.0C5- 

10 

0.047 

- 

- 

- 

It 

6.044 

3.017 

2.CC3 

2 . 303 

i a 

3.028 

2.G07 

2.907 

1 .001 

4 

i  9 

2.924 

2.724 

1  . 00: 

1  .oc; 

14 

2.C15- 

2.015- 

1.003 

I.1C3 

1 0 

1.909 

I.9C9 

1.309 

O.COl 

i  ) 

2.329 

1 . 006 

1.006 

O.COl 

17 

I.C21 

1.021 

0. 00: 

0.  CO? 

12 

1  .013 

1.013 

0.002 

0.  :c2 

16 

1 .040 

0.  '  04 

O.wCN 

0X0 

ra 

1 .024 

1,024 

0.034 

0.304 

15 

0.059 

0.3C8 

0.008 

- 

iO 

1 ,0*»  2 

0.3C7 

0.307 

- 

14 

0.914 

0.  01 4 

- 

- 

0.513 

0,013 

- 

- 

13 

0.924 

0.  j?4 

- 

- 

e 

0.C2U 

0.C24 

- 

- 

ir 

0.037 

- 

- 

- 

7 

0.043 

- 

- 

- 

3 

’  9 

1 .913 

1 .713 

O.iOl 

0.001 

9 

1  't 

5.C19 

5.519 

4,  904 

6.004 

Id 

1  .cie 

O.Xi 

0.9  1 

O.cCJ 

18 

i>. on 

6.  317 

3.04 

3.0C4 

17 

0.  cot 

0.-06 

0.506 

v> 

A .  044 

3.211 

2. 7J2 

2 .  C02 

16 

0.013 

0.713 

- 

- 

if 

3.227 

2.006 

2.C9C 

1.531 

1  c. 

0.0.3 

0.C23 

- 

ir 

2.014 

2.014 

1.63.’ 

; .  30? 

14 

0.  036 

- 

- 

2.027 

1  .006 

1 .  326 

C.0C1 

'3 

2.7‘*9 

l.oll 

0.001 

r.coi 

2 

19 

mi 

0.0C5- 

1? 

i  ■'•21 

I.C21 

0.703 

0.003 

18 

■UsPHi! 

a 

1.030 

O.OOf 

0.006 

- 

17 

- 

0.011 

O.OU 

- 

- 

H 

0.0**8 

■ 

- 

8 

0.034 

- 

. 

- 

n,  -:0  r.^2 3 

20 

15.92- 

15-226 

13.CC4 

13.094 

* 

1  ? 

16.044 

I3-C22 

12.01:- 

II.  CC- 

7 

19 

6.013 

6.013 

3.522 

3.30? 

1? 

12.2.12 

M.-15+ 

10. 9C" 

0.:  3 

18 

6.047 

3.010+ 

3.  32 

3.552 

17 

11 .eui 

10. 

>.:'0-» 

8.  524 

17 

3.029 

2.206 

2.  .6 

1 . 001 

It 

10. >0 

9.524 

7 . 55!'- 

7.52',- 

16 

2- Cl* 

2.514 

1.0  j2 

1 . 39. 

16 

B,  327 

7-*- 

4. : j-+ 

5.-47 

15 

2.029 

1 . 006+ 

I.7C4+ 

1.3-1 

i- 

7.028 

6-5.1. 

5-  =  5'. 

4.CX. 

1-* 

1.011 

1.011 

0.001 

0.9C1 

13 

6.C28 

5-212 

6.004  - 

4.  >«.. 

13 

1.021 

1.021 

0.  OC-  i 

0.  ;c* 

12 

5.5.7 

6.11 

3-  5-4 

3.  26 

1? 

1.03*’ 

0.C05+ 

rnimm 

- 

ii 

4.024 

6.924 

3  ■  2  94 

2.:  o'* 

a 

0.210- 

O.CIO- 

- 

4.04  9 

3.020 

1  .  GO? 

10 

0.0X7 

0.017 

- 

- 

3 

3.941 

2.715+ 

BcP  7  '.fe 

1  XX 

a 

0.030 

- 

- 

- 

$ 

2.032 

1.010- 

■V?  .  :'):?n 

0.  . :? 

3 

0.0*8 

- 

- 

- 

7 

1  .or? 

1 .92? 

0.c-> 

6 

1  .  Of; 

0.010+ 

- 

- 

19 

6.06C 

3.909 

3.257 

2.7  31 

5 

1.00 

0.  3?4 

- 

- 

19 

3.031 

2.005+ 

2.:oi+ 

1  .  .  '91 

17 

2.015* 

2.015+ 

I.CC2 

1 .  :c.‘ 

19 

20 

15.0-7 

14.0:0 

•3-2  -6 

1  2  .  OC  3 

lb 

2 .032 

I.DC6 

1  .  0C6 

0.3C3 

13 

IJ.931 

12.9168 

M  .  78 

1C..  • 

15 

1.012 

1.012 

0.901 

0.701 

18 

1 1 . .  ;►> 

10.01? 

9..."- 

9- 

1** 

1.023 

1.029 

0.  r.a 

0.703 

I” 

10.03? 

9.313- 

8.4  96 

7.-4. 

13 

1.239 

0.005+ 

0x*5+ 

- 

16 

9.  9  >6 

8.217 

7.527 

6..  * 

13 

0.0IC- 

0.:::- 

0. :: 0- 

- 

;* 

S.l  =9 

7.518 

6.CC0 

5-  5' 

11 

0.017 

o.::'7 

- 

- 

1 4 

7.-54 

6.5." 

5  -  - 

4..: 

17 

0.728 

- 

- 

- 

1  3 

6.:?? 

5.71- 

4.  'O*7 

3. 

0.045+ 

- 

- 

- 

12 

6 . 5  1  c  ♦ 

3 

2.  . 

11 

4.;u 

3.::. 

2.7-0'* 

2.  - 

19 

3.036 

2.0C5- 

2. :;5- 

2.77*- 

:  C 

3.5.6 

2 .  x 

2 . 

t . . 

13 

2.010 

2. 318 

1 . 

? . 

G 

2. '14 

2 . : :  - 

1 .  X  ‘  ♦ 

0 .  -  : 

;  "* 

2.042 

».c:e 

1 .  ;.b 

0. :  :c 

v, 

2.  ~  *  * 

1 . : 

0. 

0.  . 

l  e- 

1.014 

1 . 

0. 

0.  :c: 

0.  :  ♦ 

0.::‘+ 

. 

15 

1  .723 

0 .  C  C  3 

0.  :■;  < 

0.373 

c 

o.oi; 

0. ... 

- 

14 

1 .0-7 

o.::e 

0.  ;c6 

- 

0.7.7 

_ 

_ 

. 

! 3 

O.Cil 

0.  :l: 

_ 

Reproduced  From 
Best  Available  Copy 


Significance  Level 


n^20  n^lS 


0.05  0.025 

(0.10)  (0.05) 


20  14,041  13.017 

19  12. 032  11.014 

15  11.043  10.020 

17  10.050-  9.024 

16  8.026  7.011 

15  7.027  6.012 

14  6.026  5.011 

13  5.024  5.024 

12  5.047  4.020 

4.041  3.016 

2-112 
9  2.024  2.024 

8  2.048  1.015 

7  1.031  0.006 

6  0.014  0.014 

5  0.031 

20  | 3. 036  12.014 

19  || .026  10-011 

18  10.034  9.015 


O.Oi 

0.005 

(0.02) 

•0.01) 

12.007 

1 1 .003 

10.006 

9.002 

9.C08 

9.003 

7.004 

7.004 

6.005- 

6.CC5- 

5.004 

5.0C4 

4.004 

4 . 004 

4,009 

3-003 

3.007 

2.0C2 

2.002* 

1.001 

1.003 

1 . 003 

J  .007 

o.oci 

0.00? 

0.0C3 

0.006 

- 

11.005*  10 .002 

9-004  9-00“ 


Significance  Level 


0.01 
(0.02)  I  (0. 
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TABLE  B-17  continued 
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TABLE  B-17  continued 

NOTE:  For  values  between  large  samples,  use  linear  interpolation; 
i.e.,  N  -  52  and  a  •  .05: 


5 


-  .8342  = — 

x 

m 

-  .8462  — 


.0120 


2  -  - 

5  .0120 

5 (x)  «  3(.ni20) 

.036 

x  -  - 

5 


-  .0072 

Therefore,  add  .0072  to  .8342  giving  CV  *  .8414 
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TABLE  B-18  * 

RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  ■  0 
Reliability 


.99 

.95 

.90 

.99 

459 

299 

230 

.98 

228 

149 

114 

.97 

.52 

99 

76 

.96 

113 

74 

57 

.95 

90 

59 

45 

.94 

75 

49 

38 

.93 

64 

42 

32 

.92 

56 

36 

28 

.91 

49 

32 

25 

.90 

44 

29 

22 

.89 

40 

26 

20 

.88 

37 

24 

19 

.87 

34 

22 

17 

.86 

31 

20 

16 

.85 

29 

19 

15 

.84 

27 

18 

14 

.83 

25 

17 

13 

.82 

24 

16 

12 

.81 

22 

15 

11 

.80 

21 

14 

11 

Number  of  failures  ■  1 
Reliability 


Confidence  Level 


.85 

.80 

.70 

.60 

189 

161 

120 

92 

94 

80 

60 

46 

63 

53 

40 

31 

47 

40 

30 

23 

37 

32 

24 

18 

31 

27 

20 

15 

27 

23 

17 

13 

23 

20 

15 

11 

21 

18 

13 

10 

19 

16 

12 

9 

17 

14 

11 

8 

15 

13 

10 

8 

14 

12 

9 

7 

13 

11 

8 

7 

12 

10 

8 

6 

11 

10 

7 

6 

11 

9 

7 

5 

10 

9 

7 

5 

10 

8 

6 

5 

9 

8 

6 

5 

Confidence  Level 


.99 

.99 

.95 

.90 

.85 

.80 

662 

473 

388 

337 

299 

.98 

330 

236 

194 

168 

149 

.97 

219 

157 

129 

112 

99 

.96 

164 

117 

96 

84 

74 

.95 

130 

93 

77 

67 

59 

.94 

108 

78 

64 

56 

49 

.93 

92 

66 

55 

47 

42 

.92 

81 

58 

48 

41 

37 

.91 

71 

51 

42 

37 

33 

,90 

64 

46 

38 

33 

29 

,89 

58 

42 

34 

30 

27 

,88 

53 

38 

31 

27 

24 

,87 

49 

35 

29 

25 

23 

86 

45 

32 

27 

23 

21 

85 

42 

30 

25 

22 

19 

84 

39 

28 

23 

20 

18 

83 

37 

26 

22 

19 

1/ 

82 

34 

25 

21 

18 

16 

81 

33 

24 

19 

17 

15 

80 

31 

22 

18 

16 

14 

*See  page  2-125  for  .75  confidence  level. 


.70 

244 

122 

81 

61 

49 

40 

35 

30 

27 

24 

22 

20 

19 

17 

16 

15 

14 

13 

13 

12 


.60 

202 

101 

67 

51 

40 

34 

29 

25 

22 

20 

18 

17 

16 

14 

13 

13 

12 

11 

11 

10 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  -  2 
Reliability 


Confidence  Level 


.99 

.99 

838 

.98 

418 

.97 

277 

.96 

207 

.95 

165 

.94 

137 

.93 

117 

.92 

102 

.91 

91 

.90 

81 

.89 

74 

.88 

67 

.87 

62 

.86 

57 

.85 

53 

.84 

50 

.83 

47 

.82 

44 

.81 

41 

.80 

39 

.95 

.90 

628 

531 

313 

265 

208 

176 

156 

132 

124 

105 

103 

88 

88 

75 

77 

65 

68 

58 

61 

52 

56 

47 

51 

43 

47 

40 

4  3 

37 

40 

34 

38 

32 

35 

30 

33 

28 

31 

27 

30 

25 

Number  of  failures  =  3 
Reliability 


.85 

471 

235 

157 

117 

94 

78 

67 

58 

52 

46 

42 

38 

35 

33 

31 

29 

27 

25 

24 

23 


.80 

427 

213 

142 

106 

85 

71 

60 

53 

47 

42 

38 

35 

32 

30 

28 

26 

24 

23 

22 

21 


.70 

361 

180 

120 

90 

72 

60 

51 

45 

40 

36 

33 

30 

27 

25 

24 

22 

21 

20 

19 

18 


.60 

310 

155 

103 

78 

62 

52 

44 

TO 

34 

31 

28 

26 

24 

22 

21 

19 

18 

17 

16 

15 


Confidence  Level 


.99 

.99 

1001 

.98 

499 

.97 

332 

.96 

248 

.95 

198 

.94 

164 

.93 

140 

.92 

122 

.91 

109 

.90 

97 

,89 

88 

,88 

81 

87 

74 

86 

69 

85 

64 

84 

60 

83 

56 

82 

53 

81 

50 

80 

47 

.95 

.90 

773 

667 

386 

333 

257 

221 

192 

166 

153 

132 

127 

110 

109 

94 

95 

82 

84 

73 

76 

65 

69 

59 

63 

54 

58 

50 

53 

46 

50 

43 

47 

40 

44 

38 

41 

36 

39 

34 

37 

32 

.85 

.80 

600 

551 

300 

275 

199 

183 

149 

137 

119 

110 

99 

91 

85 

78 

74 

68 

66 

60 

59 

54 

54 

49 

49 

45 

45 

42 

42 

39 

39 

36 

37 

34 

34 

32 

32 

30 

31 

28 

29 

27 

.70 

.60 

476 

417 

238 

209 

158 

139 

119 

104 

95 

83 

79 

69 

68 

60 

59 

52 

53 

46 

47 

42 

43 

38 

39 

35 

36 

32 

34 

30 

31 

28 

29 

?(, 

28 

24 

26 

23 

25 

22 

23 

21 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  -  4 
Reliability 


.99 

.98 

.97 

.96 

.95 

.94 

.93 

.92 

.91 

.90 

.89 

.88 

.87 

.86 

.85 

.84 

.83 

.82 

.81 

.80 


.99 

1157 

577 

383 

287 

229 

190 

162 

142 

126 

113 

102 

93 

86 

79 

74 

69 

65 

61 

58 

55 


.95 

913 

456 

303 

227 

181 

150 

129 

112 

100 

89 

81 

74 

68 

63 

59 

55 

52 

49 

46 

44 


Number  of  failures  =  5 
Reliability 


.99 

.98 

.97 

.96 

.95 

.94 

.93 

.92 

.91 

.90 

.89 

.88 

.87 

.86 

.85 

.84 

.83 

.82 

.81 

.80 


.99 

1307 

652 

433 

324 

259 

215 

184 

160 

142 

127 

116 

106 

97 

90 

84 

78 

73 

69 

65 

62 


.95 

1049 

523 

348 

261 

208 

173 

148 

129 

115 

103 

93 

85 

79 

73 

68 

63 

59 

56 

53 

50 


.90 

798 

398 

265 

198 

158 

132 

113 

98 

87 

78 

71 

65 

60 

56 

52 

48 

45 

43 

40 

38 


.90 

926 

462 

308 

230 

184 

153 

131 

114 

101 

91 

83 

76 

70 

65 

60 

56 

53 

50 

47 

45 


Confidence  Level 


.85 

.80 

726 

671 

362 

335 

241 

223 

181 

167 

144 

134 

120 

111 

103 

95 

90 

83 

80 

74 

72 

66 

65 

60 

59 

55 

55 

51 

51 

47 

47 

44 

44 

41 

42 

39 

39 

36 

37 

34 

35 

33 

.70 

.60 

589 

524 

294 

262 

196 

174 

147 

131 

117 

105 

98 

87 

84 

75 

73 

65 

65 

58 

58 

52 

53 

47 

49 

44 

45 

40 

42 

37 

39 

35 

36 

33 

3' 

31 

3" 

29 

31 

27 

29 

26 

Confidence  Level 


.85 

.80 

848 

790 

423 

394 

282 

263 

211 

197 

169 

157 

140 

131 

120 

112 

105 

98 

93 

87 

84 

78 

76 

71 

69 

65 

64 

60 

59 

55 

55 

52 

52 

48 

4? 

46 

46 

43 

43 

41 

41 

39 

.70 

.60 

700 

629 

350 

314 

233 

210 

175 

157 

140 

126 

116 

105 

100 

90 

87 

78 

77 

7C 

70 

63 

63 

57 

58 

52 

53 

48 

50 

45 

46 

42 

43 

39 

41 

37 

38 

35 

36 

33 

34 

3 1 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  •  6 
Reliability 


.99  .95 

•99  1453  1182 

•98  725  590 

.97  482  392 

•96  360  294 

•95  288  234 

.94  239  195 

•93  204  167 

•92  178  146 

•91  153  129 

•90  142  116 

•89  129  105 

•88  118  96 

•87  108  89 

•  86  100  82 

•85  93  76 

•84  87  71 

•83  82  67 

•82  77  63 

•81  73  60 

.80  69  57 


Number  of  failures  =  7 
Reliability 


.90 

1051 

525 

349 

262 

209 

174 

149 

130 

115 

104 

94 

86 

79 

73 

68 

64 

60 

57 

54 

51 


.85 

969 

484 

322 

241 

193 

160 

137 

120 

106 

96 

87 

79 

73 

68 

63 

59 

56 

52 

50 

47 


Confidence  Level 


•80  .70  .60 

906  811  734 

453  405  367 

301  270  245 

226  202  183 

180  162  147 

150  135  122 

129  115  105 

112  101  92 

100  90  81 

90  81  73 

81  73  67 

75  67  61 

89  62  56 

64  57  52 

59  53  49 

56  50  46 

52  47  43 

49  44  41 

47  42  38 

44  40  37 


Confidence  Level 


.99 

•99  1596 

•98  796 

•97  529 

•96  396 

•95  316 

•94  263 

•93  225 

.92  196 

•91  174 

.90  156 

•89  141 

.88  129 

.87  119 

.86  110 

•85  103 

.84  96 

.83  90 

.82  85 

•81  80 

80  76 


.95 

.90 

1312 

1175 

655 

587 

436 

390 

326 

292 

260 

234 

217 

194 

185 

166 

162 

.45 

143 

129 

129 

llo 

117 

105 

107 

96 

98 

89 

91 

82 

85 

77 

79 

72 

75 

67 

70 

63 

66 

60 

63 

57 

.85 

.80 

1088 

1022 

543 

511 

362 

340 

271 

255 

216 

204 

180 

169 

154 

145 

135 

127 

120 

113 

107 

101 

98 

92 

89 

84 

82 

78 

76 

72 

71 

67 

67 

63 

63 

59 

59 

56 

56 

53 

53 

50 

.70 

.60 

920 

839 

460 

419 

306 

279 

230 

210 

184 

168 

153 

140 

131 

120 

114 

105 

102 

93 

91 

84 

83 

76 

76 

70 

70 

64 

65 

60 

61 

56 

57 

52 

54 

49 

51 

46 

48 

44 

45 

42 
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TABLE  B-18  continued 
RELIABILITY :  SUCCESS  -  FAILURE 


Number  of  failures  *  8 
Reliability 


Confidence  Level 


.99 

.95 

190 

.85 

.80 

.70 

.60 

.99 

1736 

1441 

1297 

1206 

1137 

1029 

943 

.98 

866 

719 

648 

602 

5o8 

514 

471 

.97 

576 

478 

431 

401 

378 

343 

314 

.96 

431 

358 

323 

300 

283 

257 

236 

.95 

344 

286 

258 

240 

226 

205 

188 

.94 

286 

238 

215 

200 

188 

171 

157 

.93 

244 

203 

184 

171 

161 

146 

135 

.92 

213 

178 

160 

149 

141 

128 

118 

.91 

189 

158 

142 

133 

125 

114 

195 

.90 

170 

142 

128 

119 

113 

102 

94 

.89 

154 

128 

116 

108 

102 

93 

86 

.88 

141 

117 

106 

99 

94 

85 

78 

.87 

130 

108 

98 

91 

86 

79 

72 

.86 

120 

100 

91 

85 

80 

73 

67 

.85 

112 

93 

85 

79 

75 

68 

63 

.84 

104 

87 

79 

74 

70 

_»-♦ 

59 

.83 

98 

82 

74 

69 

66 

60 

55 

.82 

92 

77 

70 

65 

62 

57 

52 

.81 

87 

73 

66 

62 

59 

54 

49 

.80 

83 

69 

63 

59 

56 

51 

47 

Number  of 

failures  =  9 

Reliability 

Confidence  Level 

.99 

.95 

.90 

.85 

.80 

.70 

.60 

.99 

1874 

1568 

1418 

1323 

1251 

1138 

1047 

.98 

935 

782 

708 

661 

625 

569 

524 

.97 

662 

521 

471 

440 

416 

379 

349 

.96 

465 

390 

353 

330 

312 

284 

262 

.95 

371 

311 

282 

263 

249 

227 

209 

.94 

309 

259 

235 

219 

207 

189 

174 

.93 

269 

221 

201 

188 

178 

162 

149 

.92 

230 

193 

175 

164 

155 

142 

131 

.91 

204 

172 

156 

146 

138 

126 

116 

.90 

183 

154 

140 

131 

124 

113 

105 

.89 

166 

140 

127 

119 

113 

103 

95 

.88 

152 

128 

116 

109 

103 

94 

87 

.87 

140 

118 

107 

100 

95 

87 

80 

.86 

130 

109 

99 

93 

88 

81 

7  5 

.85 

121 

102 

93 

87 

82 

75 

70 

.84 

113 

95 

87 

81 

77 

70 

r>5 

.83 

106 

89 

81 

76 

72 

66 

61 

.82 

100 

84 

77 

72 

68 

63 

58 

.81 

94 

80 

73 

68 

65 

59 

55 

.80 

89 

76 

69 

65 

61 

56 

52 
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TABLE  3-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


MTP  3-1-005 
1  March  1972 


Number  of  failures  -  10 
Reliability 


Confidence  Level 


•99  .95 

•99  2010  1A','3 

•98  1003  845 

•97  667  562 

•96  499  421 

•95  398  336 

•94  331  280 

•93  283  239 

•92  247  209 

•91  219  185 

•90  197  167 

•89  178  151 

•88  163  138 

•87  150  127 

•86  139  ns 

•85  130  HO 

•84  121  103 

•83  114  07 

•82  107  91 

■81  101  86 

•80  96  32 


Number  of  failures  =  11 
Reliability 


.90 

1538 

768 

511 

383 

306 

255 

218 

190 

169 

152 

138 

126 

116 

108 

100 

94 

88 

83 

79 

75 


.85 

1439 

719 

479 

359 

2S6 

238 

204 

178 

158 

142 

129 

118 

109 

101 

94 

88 

83 

78 

74 

70 


.80 

1364 

681 

454 

340 

272 

226 

194 

169 

150 

135 

123 

112 

104 

96 

90 

84 

79 

74 

70 

67 


.70 

1246 

623 

415 

311 

249 

207 

177 

155 

138 

124 

113 

103 

95 

88 

82 

77 

73 

68 

65 

62 


.60 

1151 

576 

384 

288 

230 

192 

164 

144 

128 

115 

104 

96 

88 

82 

76 

72 

67 

64 

60 

57 


Confidence  Level 


.99 

.99 

2144 

.98 

1070 

.97 

712 

.96 

532 

.95 

425 

.94 

353 

.93 

302 

.92 

264 

.91 

234 

.90 

210 

.39 

190 

.88 

174 

.87 

160 

.86 

149 

.85 

138 

84 

129 

83 

121 

82 

114 

81 

108 

80 

102 

.95 

.90 

1818 

1658 

907 

828 

604 

551 

452 

413 

361 

330 

300 

274 

257 

235 

224 

205 

199 

182 

3  ■ 

1  * 

164 

1 02 

149 

149 

36 

137 

125 

127 

116 

118 

108 

111 

101 

104 

^5 

98 

90 

03 

85 

88 

81 

.85 

.80 

1555 

1476 

777 

737 

517 

491 

387 

368 

310 

294 

258 

245 

221 

210 

193 

183 

171 

163 

154 

146 

140 

133 

128 

122 

118 

112 

109 

104 

102 

97 

95 

91 

90 

85 

85 

81 

80 

76 

76 

72 

.70 

.60 

1354 

1255 

677 

627 

451 

418 

338 

314 

270 

251 

225 

209 

193 

179 

169 

157 

150 

139 

135 

125 

122 

114 

112 

104 

103 

96 

96 

89 

90 

83 

84 

78 

79 

74 

74 

69 

70 

66 

67 

62 

2-79 


ffli  3-1-005 

1  Ma'ch  1972 


TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  »  12 
Reliability 


Confidence  Level 


.99 

.99 

2277 

.98 

1136 

.97 

756 

.96 

566 

.95 

451 

.94 

375 

.93 

321 

.92 

230 

.91 

249 

.90 

223 

.89 

202 

.88 

185 

.87 

170 

.86 

158 

.85 

147 

.84 

138 

.83 

129 

.82 

122 

.81 

115 

.80 

109 

.95 

.90 

1941 

1776 

969 

887 

645 

590 

483 

442 

386 

353 

321 

294 

274 

252 

240 

220 

213 

195 

191 

175 

173 

159 

159 

146 

146 

134 

136 

125 

126 

116 

118 

109 

111 

102 

105 

96 

99 

91 

94 

86 

.85 

.80 

1670 

1588 

834 

793 

555 

528 

416 

396 

332 

316 

277 

263 

237 

226 

207 

197 

184 

175 

165 

157 

150 

143 

137 

131 

127 

121 

117 

112 

109 

104 

103 

98 

96 

92 

91 

87 

86 

82 

82 

78 

.70 

.60 

1461 

1359 

730 

679 

487 

453 

365 

339 

292 

271 

243 

226 

208 

194 

182 

170 

162 

151 

145 

136 

132 

123 

121 

113 

112 

104 

104 

97 

97 

90 

91 

85 

85 

80 

80 

75 

76 

71 

72 

68 

Number  of  failures  =  13 


Reliability 


Confidence  Level 


.99 

.99 

2409 

.98 

1202 

.97 

800 

.96 

598 

.95 

478 

.94 

397 

.93 

340 

.92 

297 

.91 

263 

.90 

736 

.89 

214 

.88 

196 

.87 

180 

.86 

167 

.85 

156 

.84 

146 

.83 

137 

.82 

129 

.81 

122 

.80 

115 

.95 

.90 

2064 

1893 

1030 

945 

686 

629 

513 

471 

410 

377 

341 

313 

292 

268 

255 

234 

226 

208 

203 

187 

184 

170 

169 

155 

156 

143 

144 

133 

134 

124 

126 

116 

118 

109 

111 

103 

105 

97 

100 

92 

.85 

.80 

1784 

1700 

891 

849 

593 

566 

444 

424 

355 

339 

296 

282 

253 

242 

221 

211 

196 

187 

-» 

X  /  i 

169 

160 

153 

147 

140 

135 

129 

126 

120 

117 

112 

110 

105 

103 

98 

97 

93 

92 

88 

87 

83 

.70 

.60 

1569 

1492 

784 

731 

522 

487 

392 

365 

313 

292 

261 

243 

223 

209 

195 

182 

174 

162 

156 

146 

142 

133 

130 

122 

120 

112 

111 

104 

104 

97 

97 

91 

91 

86 

86 

81 

82 

77 

78 

73 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  -  14 
Reliability 


Confidence  Level 


.99 

.99 

2539 

.98 

1267 

.97 

843 

.96 

631 

.95 

504 

.94 

419 

.93 

358 

.92 

313 

.91 

277 

.90 

249 

.89 

226 

.88 

207 

.87 

190 

.86 

176 

.85 

164 

.84 

154 

.83 

144 

.82 

136 

.81 

128 

.80 

122 

.95 

.90 

2185 

2010 

1091 

1004 

726 

668 

544 

501 

'.34 

400 

361 

333 

309 

285 

270 

249 

240 

221 

215 

199 

195 

180 

179 

165 

165 

152 

153 

141 

142 

132 

133 

123 

125 

116 

118 

109 

112 

103 

106 

98 

Number  of  failures  =  15 
Reliability 


.85 

.80 

1898 

1811 

948 

905 

631 

603 

473 

452 

378 

361 

315 

300 

269 

257 

235 

225 

209 

200 

188 

180 

171 

163 

156 

149 

144 

138 

134 

128 

125 

119 

117 

112 

110 

105 

103 

99 

98 

94 

93 

89 

.70 

.60 

1676 

1565 

837 

783 

558 

522 

418 

391 

334 

313 

279 

261 

239 

223 

209 

195 

185 

174 

167 

156 

151 

130 

139 

130 

128 

120 

119 

111 

111 

104 

104 

98 

98 

92 

92 

87 

87 

82 

83 

78 

Confidence  Level 


.99 

.99 

2704 

.98 

1348 

.9 ; 

896 

.96 

670 

.05 

535 

.94 

445 

.93 

380 

.92 

332 

.91 

294 

.90 

264 

.89 

239 

.88 

219 

.87 

201 

86 

186 

85 

173 

84 

162 

83 

152 

82 

143 

81 

135 

80 

128 

.95 

.90 

2343 

2140 

1169 

1069 

778 

711 

582 

533 

46  5 

426 

387 

354 

331 

303 

289 

265 

256 

235 

?  m 

211 

209 

192 

191 

176 

176 

162 

163 

150 

152 

140 

142 

131 

134 

123 

126 

116 

1  19 

110 

113 

104 

.85 

.80 

2013 

1917 

1006 

958 

670 

638 

502 

478 

401 

382 

334 

318 

286 

273 

250 

238 

222 

212 

199 

190 

161 

173 

166 

158 

153 

146 

142 

135 

132 

126 

124 

118 

116 

111 

110 

105 

104 

oq 

99 

94 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  =  16 
Reliability 


.99 

.95 

.99 

2832 

2463 

.98 

1412 

1229 

.97 

939 

818 

.96 

702 

612 

.95 

560 

489 

.94 

466 

407 

.93 

398 

348 

.92 

347 

304 

.91 

308 

270 

.90 

27b 

242 

.89 

251 

220 

.88 

229 

201 

.87 

211 

185 

.86 

195 

172 

.85 

182 

160 

.84 

170 

150 

.83 

159 

141 

.82 

150 

133 

.81 

142 

125 

.80 

134 

119 

.'lumber 

of  failures  =  17 

Re] iability 

.99 

.95 

.99 

2960 

2582 

.98 

1476 

1289 

.97 

981 

858 

.96 

7  34 

642 

.95 

586 

513 

.94 

487 

427 

.93 

416 

365 

.92 

363 

319 

.91 

322 

283 

.90 

289 

254 

.89 

262 

231 

.88 

240 

211 

.87 

221 

194 

.86 

204 

180 

.85 

190 

168 

.84 

178 

157 

.83 

167 

148 

,82 

157 

139 

81 

148 

131 

80 

141 

125 

Confidence  Level 


.90 

.85 

.80 

2256 

2126 

2028 

1126 

1062 

1013 

750 

707 

675 

562 

530 

506 

449 

423 

404 

373 

352 

337 

320 

302 

288 

279 

264 

252 

248 

234 

224 

223 

211 

201 

202 

191 

183 

185 

175 

167 

171 

161 

154 

158 

150 

143 

147 

140 

134 

138 

.131 

125 

130 

123 

118 

122 

116 

111 

116 

110 

105 

110 

104 

100 

Confidence  Level 


.90 

00 

.80 

2371 

2238 

2138 

1184 

1118 

1068 

788 

745 

711. 

590 

558 

533 

472 

446 

426 

393 

371 

355 

336 

318 

304 

294 

278 

266 

261 

247 

236 

234 

222 

212 

213 

201 

193 

195 

184 

177 

179 

170 

163 

166 

158 

151 

155 

147 

141 

145 

138 

132 

136 

1  29 

124 

129 

122 

117 

1  22 

116 

13  1 

115 

no 

105 
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TABLE  B-l  3  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  »  18 
Reliability 


.99 

.95 

.99 

3086 

2701 

.98 

1539 

1348 

.97 

1024 

897 

.96 

766 

672 

.95 

611 

536 

.9  4 

508 

446 

.93 

4  34 

382 

.92 

379 

334 

.91 

336 

296 

.90 

302 

266 

.89 

273 

241 

.88 

250 

221 

.87 

230 

203 

.86 

213 

189 

.85 

198 

176 

.84 

185 

164 

.83 

174 

154 

.82 

164 

146 

.81 

155 

1  38 

.80 

147 

131 

Number  of  failures  =  19 
Reliability 


.99 

.99 

3212 

.95 

2819 

.98 

1602 

1407 

.97 

1066 

937 

.96 

797 

701 

.95 

636 

560 

.44 

529 

466 

.93 

452 

m 

.92 

395 

34  8 

.91 

350 

109 

.90 

314 

2  7  9 

89 

28  5 

> -  , 

88 

260 

2  11 

87 

240 

212 

88 

>  >  ► 

1  9  7 

85 

20' 

18  1 

84 

19j 

1  7  2 

83 

'.S’, 

1  n  i 

82 

171 

1  4.' 

81 

16J 

! ..  , 

30 

15  1 

I  36 

Confidence  Level 


.90 

.85 

.80 

2486 

2351 

2247 

1241 

1174 

1123 

827 

782 

748 

614 

586 

561 

495 

46,3 

448 

412 

390 

373 

352 

334 

320 

308 

292 

2  79 

273 

259 

248 

246 

233 

22  3 

22  3 

212 

203 

204 

194 

186 

188 

179 

i  7  i 

175 

166 

159 

163 

154 

148 

132 

145 

139 

143 

136 

131 

135 

128 

123 

128 

121 

117 

121 

115 

lil 

Confidence  Level 


.  90 

.  8  ? 

.S’) 

2600 

2 

2vr 

1299 

].’  <n 

1  J  78 

86  5 

8 1 

78-4 

649 

h  1  4 

58* 

517 

4*J : 

4  /  *  i 

4  3 1 

!•)') 

i  >•* 

1  >• 

322 

j »)  ; 

2S-, 

; :  • 

Jt,:  i 

2  37 

J  4  4 

:>  \.t 

21  t 

J  .  ‘ 

21  1 

214 

Jn  i 

1 > 

197 

is; 

IK  ■ 

1.8  1 

] 

i  f> ' 

I  7o 

■ 

i  - 

159 

\  V 

1  4r 

1  50 

j  -  \ 

14: 

> ) 

\ 

1  *  * 

1  1  '4 

127 

1  2  J 

1  1  4, 

2-0  J 
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TABLE  B-18  continued 


RELIABILITY:  SUCCESS  -  FAILURE 

Number  of  failures  ■  20 

Reliability  Confidence  Level 


.99 

.95 

.90 

.85 

.80 

.99 

3338 

2937 

2714 

2574 

2466 

.98 

1665 

1466 

1356 

1286 

1232 

.97 

1107 

976 

903 

586 

821 

.96 

828 

731 

676 

642 

615 

.95 

661 

534 

540 

513 

492 

.94 

550 

486 

450 

427 

410 

.93 

470 

415 

385 

366 

351 

.92 

410 

363 

336 

320 

307 

.91 

364 

322 

299 

284 

272 

.90 

327 

289 

268 

255 

245 

.89 

296 

263 

244 

232 

223 

.88 

271 

240 

223 

212 

204 

.87 

249 

221 

206 

196 

188 

.86 

231 

205 

191 

181 

174 

.85 

215 

191 

178 

169 

163 

.84 

201 

179 

166 

158 

152 

.83 

189 

168 

156 

149 

143 

.82 

178 

159 

148 

141 

135 

.81 

168 

150 

140 

133 

128 

.80 

159 

142 

132 

126 

122 

Number  of 

failures  »  21 

Reliability 

Confidence  Level 

.99 

.95 

.90 

.85 

.80 

.99 

3462 

3055 

2828 

2685 

2575 

.98 

1727 

1525 

1412 

1341 

1287 

.97 

1149 

1015 

940 

893 

857 

.96 

860 

760 

705 

669 

642 

.95 

686 

607 

563 

535 

514 

.94 

570 

505 

469 

445 

428 

.93 

488 

432 

401 

381 

366 

.92 

426 

378 

351 

333 

320 

.91 

377 

335 

311 

29o 

284 

.90 

339 

301 

280 

266 

256 

.89 

307 

273 

254 

242 

232 

.88 

281 

250 

233 

221 

213 

.87 

259 

230 

214 

204 

196 

.86 

240 

214 

199 

189 

182 

.85 

223 

199 

185 

177 

170 

.84 

209 

186 

173 

165 

159 

.83 

196 

175 

163 

155 

150 

.82 

185 

165 

154 

147 

141 

.81 

174 

156 

1-46 

139 

134 

.80 

165 

148 

138 

132 

127 
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MTP  3-1-005 
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TABLE  B-18  continued 


RELIABILITY : 

SUCCESS  -  FAILURE 

Number 

of 

failures 

-  22 

Reliability 

Confidence  Level 

.99 

.95 

.90 

.85 

.80 

.99 

3587 

3172 

2942 

2796 

2684 

.98 

1789 

1584 

1469 

1397 

1341 

.97 

1190 

1054 

978 

930 

894 

.96 

890 

789 

733 

697 

670 

.95 

711 

630 

586 

557 

535 

.94 

591 

525 

487 

464 

446 

.93 

505 

449 

417 

397 

382 

.92 

441 

392 

365 

347 

334 

.91 

391 

348 

324 

308 

297 

.90 

351 

313 

291 

277 

267 

.89 

318 

284 

264 

252 

242 

.88 

291 

260 

242 

231 

222 

.87 

268 

239 

223 

213 

205 

.86 

248 

222 

207 

197 

190 

.85 

231 

207 

193 

184 

177 

.84 

216 

193 

181 

172 

166 

.83 

203 

182 

170 

162 

156 

.82 

191 

171 

160 

153 

147 

.81 

181 

162 

151 

145 

139 

.80 

171 

154 

144 

137 

132 

Number 

of 

failures 

-  23 

Reliability 

Confidence  Level 

.99 

.95 

.90 

.85 

.80 

.99 

3710 

3289 

3055 

2907 

2793 

.98 

1851 

1642 

1526 

1452 

1396 

.97 

1231 

1093 

1016 

967 

930 

.96 

921 

818 

761 

725 

697 

.95 

735 

654 

608 

579 

557 

.94 

611 

544 

506 

482 

464 

.93 

523 

465 

433 

413 

397 

.92 

456 

407 

379 

361 

347 

.91 

405 

361 

336 

321 

309 

.90 

363 

324 

302 

288 

278 

.89 

330 

294 

274 

262 

252 

.88 

301 

269 

251 

240 

231 

.87 

278 

248 

232 

221 

213 

.86 

257 

230 

215 

205 

198 

.85 

239 

214 

200 

191 

184 

.84 

224 

201 

188 

179 

173 

.83 

210 

189 

176 

168 

162 

.82 

198 

178 

166 

159 

153 

.81 

187 

168 

157 

150 

145 

.80 

177 

159 

149 

143 

138 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  *  24 
Reliability 


.99 

.95 

.99 

3834 

3406 

.98 

1913 

1700 

.97 

1272 

1132 

.96 

952 

848 

.95 

760 

677 

.94 

632 

563 

.93 

540 

482 

.92 

472 

421 

.91 

418 

374 

.90 

376 

336 

.89 

341 

305 

.88 

312 

279 

.87 

237 

257 

.86 

266 

238 

.85 

248 

222 

.84 

232 

208 

.83 

217 

195 

.82 

205 

184 

.81 

194 

174 

.80 

183 

165 

Number 

of  failures  »  25 

Reliability 

.95 

.95 

.99 

3956 

3522 

.98 

1974 

1758 

.97 

1313 

1170 

.96 

983 

876 

.95 

784 

700 

.94 

652 

583 

.93 

558 

499 

.92 

487 

436 

.91 

432 

387 

.90 

388 

347 

.89 

352 

315 

.88 

322 

289 

.87 

296 

266 

.86 

275 

247 

.85 

256 

230 

.84 

239 

215 

.83 

224 

202 

.82 

212 

191 

.81 

200 

180 

.80 

189 

171 

Confidence  Level 

.90 

.85 

.80 

3168 

3017 

2902 

1582 

1507 

1450 

1054 

1004 

966 

789 

752 

724 

631 

601 

579 

525 

501 

482 

449 

429 

413 

393 

375 

361 

349 

333 

321 

313 

299 

288 

285 

272 

262 

261 

249 

240 

240 

230 

221 

223 

213 

205 

208 

199 

192 

195 

186 

179 

183 

175 

169 

172 

165 

159 

163 

156 

151 

155 

148 

143 

Confidence  Level 

.90 

.85 

.80 

3280 

3127 

3010 

1638 

1562 

1504 

1091 

1041 

1002 

817 

780 

751 

753 

623 

600 

544 

519 

500 

465 

444 

428 

407 

389 

374 

361 

345 

333 

325 

310 

299 

295 

282 

272 

270 

258 

249 

249 

238 

230 

231 

221 

213 

215 

206 

199 

201 

193 

186 

189 

181 

175 

179 

171 

165 

169 

162 

156 

160 

154 

148 
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TABLE  8-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  ”  26 
Reliability 


.99 

.95 

.99 

4079 

3637 

.98 

2035 

1816 

.97 

1354 

1209 

.96 

1013 

905 

.95 

809 

723 

.94 

673 

602 

.93 

575 

515 

.92 

502 

450 

.91 

445 

399 

.90 

400 

359 

.89 

363 

326 

.88 

332 

298 

.87 

306 

275 

.86 

283 

255 

.85 

264 

237 

.84 

247 

222 

.83 

232 

209 

.82 

218 

197 

.81 

206 

186 

.80 

195 

177 

Number  of  failures  »  27 
Reliability 


.99 

.95 

.99 

4201 

3753 

.98 

2096 

1874 

.97 

1394 

1247 

.96 

1044 

934 

.95 

833 

746 

.94 

693 

621 

.93 

593 

532 

.92 

517 

464 

.91 

459 

412 

.90 

412 

370 

.89 

374 

336 

.88 

342 

308 

.87 

315 

284 

.86 

292 

263 

.85 

272 

245 

.84 

254 

229 

.83 

239 

216 

.82 

225 

203 

.81 

213 

192 

.80 

201 

182 

Confidence  Level 


.90 

.85 

.80 

3393 

3237 

3113 

1695 

1617 

1558 

1128 

1077 

1038 

845 

807 

778 

676 

645 

622 

562 

537 

518 

481 

460 

444 

421 

402 

388 

374 

357 

345 

336 

321 

310 

305 

292 

282 

279 

267 

258 

257 

246 

238 

239 

229 

221 

223 

213 

206 

208 

200 

193 

196 

188 

181 

185 

177 

171 

175 

168 

162 

166 

159 

154 

Confidence  Level 

.90 

3505 

3347 

3226 

1751 

1672 

1612 

1166 

1114 

1074 

873 

835 

805 

698 

667 

644 

581 

556 

536 

497 

476 

459 

435 

416 

401 

386 

369 

357 

347 

332 

321 

315 

302 

291 

289 

276 

267 

266 

255 

246 

247 

236 

228 

230 

220 

213 

215 

206 

200 

202 

194 

188 

191 

183 

177 

181 

173 

168 

172 

165 

159 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  -  28 

Reliability  Confidence  Level 


.99 

.95 

.99 

4322 

3868 

.98 

2157 

1931 

.97 

1435 

1286 

.96 

1074 

963 

.95 

857 

769 

.94 

713 

640 

.93 

610 

548 

.92 

532 

479 

.91 

472 

425 

.90 

424 

382 

.89 

385 

347 

.88 

352 

317 

.87 

324 

292 

.86 

300 

271 

.85 

280 

253 

.84 

262 

237 

.83 

246 

222 

.82 

232 

210 

.81 

219 

198 

.80 

207 

188 

Number  of  failures  ■  29 
Reliability 


.99 

.95 

.99 

4443 

3983 

.98 

2217 

1989 

.97 

1475 

1324 

.96 

1104 

992 

.95 

881 

792 

.94 

733 

659 

.93 

627 

564 

.92 

548 

493 

.91 

486 

438 

.90 

436 

393 

.89 

396 

357 

.88 

362 

327 

.87 

333 

301 

.86 

309 

279 

.85 

288 

260 

.84 

269 

244 

.83 

253 

229 

.82 

238 

216 

.81 

225 

204 

.80 

213 

194 

.90 

.85 

.80 

3617 

3457 

3334 

1807 

1727 

1666 

1203 

1150 

1110 

901 

862 

832 

720 

689 

665 

600 

574 

554 

513 

491 

474 

449 

430 

415 

398 

382 

369 

358 

343 

331 

325 

312 

301 

298 

285 

276 

275 

263 

254 

255 

244 

236 

237 

228 

220 

222 

213 

206 

209 

2C1 

194 

197 

189 

183 

187 

179 

173 

177 

170 

165 

Confidence  Level 

.90 

.85 

.80 

3729 

3566 

3442 

1862 

1782 

1720 

1240 

1187 

1146 

929 

889 

859 

743 

711 

687 

618 

592 

572 

529 

507 

490 

463 

443 

428 

411 

394 

380 

369 

354 

342 

335 

322 

311 

307 

294 

285 

283 

272 

263 

263 

252 

244 

245 

235 

227 

229 

220 

213 

216 

207 

200 

203 

195 

189 

192 

185 

179 

183 

175 

170 
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TABLE  H-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  -  30 
Reliability 


.99 

.95 

.99 

4564 

4098 

.98 

2278 

2046 

.97 

1515 

1362 

.96 

1134 

1020 

.95 

906 

815 

.94 

753 

678 

.93 

644 

581 

.92 

563 

507 

.91 

499 

450 

.90 

448 

405 

.89 

407 

367 

.88 

372 

336 

.87 

343 

310 

.86 

317 

287 

.85 

296 

268 

.84 

277 

251 

.83 

260 

236 

.82 

245 

222 

.81 

231 

210 

.80 

219 

199 

Number 

of  failures  ■  31 

Reliability 

.99 

.95 

.99 

4685 

4213 

.98 

2338 

2104 

.97 

1555 

1400 

.96 

1164 

1049 

.95 

930 

838 

.94 

773 

697 

.93 

661 

597 

.92 

577 

522 

.91 

512 

463 

.90 

460 

416 

.89 

417 

378 

.88 

382 

346 

.87 

352 

319 

.86 

326 

296 

.85 

304 

275 

.84 

284 

258 

.83 

267 

242 

.82 

251 

229 

.81 

238 

216 

.80 

225 

205 

Confidence  Level 


.90 

.85 

.80 

3840 

3676 

3549 

1918 

1836 

1774 

1277 

1223 

1182 

957 

917 

886 

765 

733 

708 

637 

610 

590 

545 

523 

505 

477 

457 

442 

423 

406 

392 

380 

365 

353 

345 

331 

321 

316 

304 

294 

292 

280 

271 

271 

260 

251 

252 

242 

234 

236 

227 

220 

222 

213 

207 

209 

201 

195 

198 

191 

185 

188 

181 

175 

Confidence  Level 

.90 

.85 

.80 

3952 

3785 

3657 

1974 

1891 

1827 

1315 

1260 

1217 

985 

944 

913 

787 

755 

730 

655 

628 

608 

561 

538 

520 

490 

470 

455 

435 

418 

404 

391 

376 

364 

356 

341 

330 

326 

313 

303 

300 

288 

279 

278 

267 

259 

260 

249 

242 

243 

234 

226 

229 

220 

213 

216 

207 

201 

204 

196 

190 

194 

186 

181 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  -  32 
Reliability 


Confidence  Level 


.99 

.98 

.97 

.96 

.95 

.94 

.93 

.92 

.91 

.90 

.89 

.88 

.87 

.86 

.85 

.84 

.83 

.32 

.81 

.80 


.99 

4805 

2398 

1595 

1194 

954 

793 

678 

592 

526 

472 

428 

392 

361 

334 

311 

291 

274 

258 

244 

231 


.95 

4327 

2161 

1439 

1077 

861 

716 

613 

536 

476 

427 

388 

355 

327 

304 

283 

265 

249 

235 

222 

211 


Number  of  failures  -  33 
Reliability 


.90 

4063 

2029 

1352 

1013 

809 

674 

577 

504 

448 

403 

366 

335 

309 

286 

267 

250 

235 

222 

210 

199 


.85 

3894 

1946 

1296 

971 

776 

646 

554 

484 

430 

387 

351 

322 

297 

275 

257 

240 

226 

213 

202 

192 


.80 

3764 

1881 

1253 

939 

751 

625 

536 

468 

416 

374 

340 

312 

287 

267 

249 

233 

219 

207 

196 

186 


Confidence  Level 


.99 

.98 

.97 

.96 

.95 

.94 

.93 

.92 

.91 

.90 

.89 

.88 

.87 

.86 

.85 

.84 

.83 

.82 

.81 

.80 


.99 

4925 

2458 

1635 

1224 

977 

813 

695 

607 

539 

484 

439 

402 

370 

343 

319 

299 

281 

265 

250 

237 


.95 

444.1 

2211} 

1476 

1106 

884 

735 

629 

550 

488 

439 

398 

365 

336 

312 

291 

272 

256 

241 

228 

216 


.90 

4174 

2085 

1389 

1040 

831 

692 

593 

518 

460 

414 

376 

344 

317 

294 

274 

257 

241 

228 

216 

205 


.85 

4003 

2000 

1332 

998 

798 

665 

569 

498 

442 

397 

361 

331 

305 

283 

264 

247 

232 

219 

208 

197 


.80 

3872 

1935 

1289 

966 

772 

643 

551 

482 

428 

385 

350 

320 

296 

274 

256 

240 

225 

213 

201 

191 


2-90 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  -  34 
Reliability 


.99 

.95 

.99 

5044 

4555 

.9o 

2517  , 

2275 

.97 

1675  j 

1514 

.96 

1254 

1134 

.95 

1001 

906 

.94 

833 

754 

.93 

712 

646 

.92 

622 

564 

.91 

552 

501 

.90 

496 

450 

.89 

450 

409 

.88 

412 

374 

.87 

379 

345 

.86 

351 

320 

.85 

327 

298 

.84 

306 

279 

.83 

288 

262 

.82 

271 

247 

.81 

256 

234 

.80 

243 

222 

Number 

of  failures  *  35 

Reliability 

.99 

.95 

.99 

5164 

4669 

.98 

2577 

2331 

.97 

1715 

1552 

.96 

2184 

1163 

.95 

1025 

929 

.94 

853 

773 

.93 

729 

662 

.92 

637 

578 

.91 

565 

513 

.90 

508 

461 

.89 

461 

419 

.88 

421 

384 

.87 

388 

354 

.86 

360 

328 

.85 

335 

306 

.84 

314 

286 

.83 

295 

269 

.82 

278 

254 

.81 

262 

240 

.80 

249 

228 

Confidence  Level 


.90 

.85 

.80 

4285 

4112 

3979 

2140 

2054 

1988 

1425 

1369 

1325 

1068 

1026 

993 

854 

820 

794 

711 

683 

661 

608 

585 

566 

532 

511 

495 

472 

454 

440 

425 

408 

396 

386 

371 

359 

353 

340 

329 

326 

313 

304 

302 

291 

282 

282 

271 

263 

264 

254 

246 

248 

239 

232 

234 

225 

219 

221 

213 

207 

210 

202 

197 

Confidence  Level 


.90 

.85 

.80 

4395 

4221 

4086 

2196 

2109 

2042 

1462 

1405 

1360 

1096 

1053 

1020 

876 

842 

815 

729 

701 

679 

624 

600 

582 

5-t6 

525 

509 

485 

466 

452 

436 

419 

406 

396 

381 

369 

362 

349 

338 

334 

322 

312 

310 

298 

290 

289 

278 

270 

271 

261 

253 

254 

245 

238 

240 

231 

225 

227 

219 

213 

216 

208 

202 
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TABLE  E-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  =  36 
Reliability 


•99  .95 
•99  5283  4782 
•98  2637  2388 
•97  1754  1590 
•96  1313  1191 
•95  1049  952 
•94  872  792 
•93  746  678 
•92  652  592 
•91  578  526 
•90  519  473 
.89  471  429 
.88  431  393 
•87  397  362 
•86  368  336 
•85  343  313 
•84  321  293 
•83  301  275 
•82  284  260 
•81  269  246 
•80  255  233 

Number  of  failures  =»  37 
Reliability 

•99  .95 
•99  5402  4896 
•98  2696  2445 
•97  1794  1628 

•  96  1343  1219 
•95  1073  974 
•94  892  811 
•93  763  694 
•92  667  607 
•91  5  71  538 
•90  531  484 
•89  482  439 
•88  441  io^ 
•87  406  371 
•86  377  344 
•85  351  321 
•84  328  300 
•83  303  282 
•82  291  266 
•81  275  252 

•  80  261  239 


Confidence  Level 


•90  .85  .80 
4506  4329  4193 
2251  2163  2095 
1499  1441  1396 
1123  1080  1046 
898  863  837 
747  719  697 
640  616  597 
559  538  532 
497  478  464 
447  430  417 
406  391  379 
371  358  347 
343  330  320 
318  306  297 
296  285  277 
277  267  260 
261  251  244 
246  237  231 
233  225  218 
221  213  207 


Confidence  Level 

•90  .85  .80 

4616  4438  4300 

2306  2217  2149 

1536  1477  1432 

1151  1107  1073 

920  885  858 

766  737  715 

656  631  612 

573  552  535 

509  490  475 

458  441  428 

416  400  389 

331  367  356 

351  338  328 

326  314  305 

304  293  284 

284  274  266 

267  258  250 

252  243  236 

239  230  224 

227  219  213 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  »  38 
Reliabilit / 


.99 

.95 

.99 

5520 

5009 

.98 

2755 

2501 

.97 

1833 

1665 

.96 

1373 

1248 

.95 

1096 

997 

.94 

912 

830 

.93 

.'80 

710 

.92 

681 

621 

.91 

605 

551 

.90 

54  3 

495 

.89 

49J 

450 

.88 

451 

412 

.87 

415 

379 

.86 

385 

352 

.85 

359 

328 

.84 

336 

307 

.83 

315 

289 

.82 

297 

272 

.81 

281 

258 

.80 

266 

244 

Number  of  failures  -  39 
Reliability 


.99 

.95 

.99 

5638 

5122 

.98 

2814 

2558 

.97 

1873 

1703 

.96 

1402 

1276 

.95 

1120 

1019 

.99 

931 

848 

.93 

797 

726 

.92 

696 

635 

.91 

618 

563 

.90 

555 

507 

.89 

503 

460 

.88 

461 

421 

.87 

424 

388 

.86 

393 

360 

.85 

366 

335 

.84 

343 

314 

.83 

322 

295 

.82 

304 

278 

.81 

287 

263 

.80 

272 

250 

Confidence  Level 


.90 

.85 

.80 

4727 

4546 

4406 

2361 

2271 

2202 

1573 

1513 

1467 

1178 

1134 

1100 

942 

907 

879 

784 

755 

732 

671 

647 

627 

587 

565 

549 

521 

502 

487 

469 

452 

438 

426 

410 

398 

390 

376 

365 

359 

347 

337 

333 

322 

312 

311 

300 

291 

291 

281 

273 

274 

264 

257 

258 

249 

242 

244 

236 

229 

232 

224 

218 

Confidence  Level 


.90 

.85 

.80 

4837 

4654 

4513 

2416 

2325 

2255 

16C9 

1549 

1503 

1206 

1161 

1126 

964 

928 

901 

802 

773 

750 

687 

662 

643 

601 

579 

562 

533 

514 

499 

480 

462 

449 

436 

420 

408 

399 

385 

374 

368 

355 

345 

341 

329 

320 

318 

307 

298 

298 

288 

280 

280 

270 

263 

264 

242 

235 

250 

242 

235 

237 

229 

223 

2-93 


MTP  3-1-005 
1  March  1972 


TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  *  40 
Reliability 


.99 

.95 

.99 

5757 

5235 

.98 

2873 

2614 

.97 

1912 

1741 

.96 

1432 

1304 

.95 

1143 

1042 

.94 

951 

867 

.93 

814 

742 

.92 

711 

649 

.91 

631 

576 

.90 

567 

518 

.89 

514 

470 

.88 

470 

430 

.87 

433 

397 

.86 

402 

368 

.85 

374 

343 

.84 

350 

321 

.83 

329 

302 

.82 

310 

285 

.81 

293 

269 

.80 

278 

256 

Number  of  failures  *  41 
Reliability 


.99 

.95 

.99 

5874 

5347 

.98 

2932 

2670 

.97 

1951 

1778 

.96 

1461 

1332 

.95 

1167 

1064 

.94 

971 

886 

.93 

830 

758 

.92 

725 

663 

.91 

644 

538 

.90 

578 

529 

.89 

525 

480 

.88 

480 

440 

.87 

442 

405 

.86 

410 

376 

85 

382 

350 

84 

357 

328 

83 

336 

308 

82 

317 

291 

81 

299 

275 

80 

284 

261 

2-94 


Confidence  Level 


.90 

.85 

.80 

4947 

4762 

4620 

2471 

2379 

2309 

1646 

1585 

1538 

1233 

1188 

1153 

986 

950 

922 

821 

791 

768 

703 

677 

658 

614 

592 

575 

546 

526 

511 

491 

473 

460 

446 

430 

418 

408 

394 

383 

376 

363 

353 

349 

337 

328 

325 

314 

305 

305 

294 

286 

287 

277 

269 

270 

261 

254 

256 

247 

241 

243 

235 

228 

Confidence  Level 

.90 

.85 

.80 

5057 

4870 

4726 

2526 

2433 

2362 

1683 

1621 

1574 

1261 

1251 

1180 

1C08 

971 

943 

839 

809 

785 

718 

693 

673 

628 

606 

588 

558 

538 

523 

502 

484 

470 

455 

440 

427 

417 

403 

391 

385 

371 

361 

357 

345 

33 

333 

321 

313 

312 

301 

293 

293 

283 

275 

276 

267 

260 

262 

25? 

246 

248 

240 

234 

* 


MT?  3-1-005 
1  March  1972 


TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  «  42 
Reliability 


.99  .95 
•99  5992  5460 
•98  2991  2727 
•97  1991  1816 
•96  1490  1360 
•95  1190  1087 
•  94  990  905 
•93  847  774 
.92  740  677 
.91  657  601 
•90  590  540 
•89  535  490 
•85  490  449 
•87  451  414 
•86  418  384 
•85  390  358 
•84  365  335 
•83  343  315 
•82  323  297 
•81  305  281 
•80  290  267 

Humber  i  e  failures  -  43 
Reliability 

•99  .95 
•99  6110  5572 
•98  3050  2783 
•97  2030  1853 
•96  1520  1388 
•95  1214  1109 
•94  1010  923 
•93  864  790 
•92  755  691 
•91  670  613 
•90  602  551 
•89  546  501 
•88  500  458 
•87  460  423 
.86  427  392 
•85  398  365 
•84  372  342 
•83  349  321 
•82  329  303 
•81  312  287 
•80  295  272 


Confidence  Level 


.90 

.85 

.80 

5167 

4978 

4833 

2581 

2487 

2415 

1719 

1657 

1609 

1288 

1242 

1206 

1030 

999 

964 

857 

827 

803 

734 

708 

688 

642 

619 

602 

570 

550 

535 

512 

495 

481 

465 

449 

437 

426 

412 

400 

393 

380 

369 

365 

352 

343 

340 

329 

320 

318 

308 

299 

299 

289 

282 

283 

273 

266 

267 

259 

252 

254 

245 

239 

Confluence  Level 

.90 

.85 

.80 

5276 

5086 

4939 

2636 

2541 

2468 

1756 

1693 

1645 

1316 

1269 

1233 

1052 

1014 

986 

875 

845 

821 

750 

724 

703 

655 

633 

615 

582 

562 

546 

523 

505 

491 

475 

459 

447 

435 

421 

409 

401 

388 

377 

372 

360 

350 

34  7 

336 

327 

325 

314 

306 

306 

296 

288 

289 

279 

272 

273 

264 

257 

259 

251 

244 

2-95 


MTP  3-1-005 
1  March  1972 


TABLE  B-18  cortlnued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  »  44 

Reliability  Confidence  Level 


.99 

.95 

.90 

.85 

.80 

.99 

6227 

5684 

5386 

5194 

5045 

.98 

3108 

2839 

2691 

2595 

2521 

.97 

2069 

1890 

1792 

1729 

1680 

.96 

1549 

1416 

1343 

1296 

1259 

.95 

1237 

1132 

1073 

1036 

1007 

.94 

1029 

942 

894 

863 

839 

.93 

881 

806 

765 

739 

718 

.92 

769 

705 

669 

646 

628 

.91 

683 

626 

594 

574 

558 

.90 

613 

562 

534 

516 

502 

.89 

557 

511 

485 

469 

456 

.88 

509 

468 

444 

429 

418 

.87 

469 

431 

410 

396 

386 

.86 

435 

400 

380 

368 

358 

.85 

405 

373 

355 

343 

334 

.84 

379 

349 

332 

321 

313 

.83 

356 

328 

312 

302 

294 

.82 

336 

309 

295 

285 

278 

.81 

318 

293 

279 

270 

263 

.80 

301 

278 

265 

256 

250 

Number 

of  Failures  »  45 

Reliability 

Confidence  Level 

.99 

.95 

.90 

.85 

.80 

.99 

6344 

5796 

5495 

5302 

5152 

.98 

3167 

2895 

2745 

2649 

2574 

.97 

2108 

1928 

1829 

1765 

1715 

.95 

1578 

1444 

1370 

1323 

1286 

.95 

1260 

1154 

1095 

1057 

1028 

.94 

1049 

961 

912 

881 

856 

.93 

897 

822 

781 

754 

734 

.92 

784 

719 

683 

660 

642 

.91 

696 

638 

606 

586 

570 

. or 

625 

574 

545 

527 

513 

.6 

567 

521 

495 

479 

466 

.88 

519 

477 

453 

438 

427 

.87 

478 

440 

418 

404 

394 

.86 

443 

408 

388 

375 

365 

.85 

413 

380 

362 

350 

341 

.84 

386 

356 

339 

328 

319 

.83 

363 

335 

319 

308 

300 

.82 

342 

316 

301 

291 

283 

.81  ' 

324 

299 

285 

275 

268 

.80 

307 

283 

270 

261 

255 

2-96 


MTP  3-1-005 
1  March  1972 


TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Humber  of  failures  -  46 
Reliability 


•99  .95 
•99  6461  5908 
•98  3225  2951 
•97  2147  1965 
•96  1607  1472 
•95  12l *  1176 
•94  1068  979 
•93  914  838 
•92  798  733 
•91  708  651 
•90  637  585 
•89  578  531 
•88  529  486 
•87  487  448 
•86  452  416 
•85  421  388 
•84  394  363 
•83  370  341 
.82  349  322 
•81  330  304 
•80  313  289 

Number  of  failures  -  47 
Reliability 

.99  .95 
•99  6578  6020 
•98  3284  3007 
•97  2185  2002 
•96  1636  1500 
•95  1307  1199 
•94  1087  998 
•93  931  854 
•92  813  747 
•91  721  663 
•90  648  596 
•89  588  541 
•88  538  495 
•87  496  457 
•86  460  424 
•85  428  395 
•84  401  370 
•83  377  348 
•82  355  328 
•81  336  310 
•80  318  294 


Confidence  Level 


•  90 

.85 

.80 

5605 

5409 

5258 

2800 

2703 

2627 

1865 

1801 

1751 

1398 

1350 

1312 

1117 

1079 

1049 

930 

898 

874 

797 

770 

749 

696 

673 

655 

618 

598 

582 

556 

528 

523 

505 

488 

475 

463 

447 

436 

427 

413 

402 

396 

383 

373 

269 

357 

348 

346 

335 

326 

325 

315 

307 

307 

297 

289 

290 

281 

274 

275 

267 

260 

Confidence  Level 


.90 

.85 

.80 

5714 

5517 

5364 

2855 

2756 

2680 

1901 

1836 

1786 

1*25 

1376 

1339 

1139 

1100 

1070 

948 

916 

892 

812 

785 

764 

710 

686 

668 

651 

610 

593 

j67 

548 

534 

515 

498 

485 

472 

456 

444 

435 

421 

410 

404 

391 

380 

376 

364 

355 

352 

341 

333 

331 

321 

313 

313 

303 

295 

296 

287 

280 

281 

272 

265 

2-97 


MTP  3-1-005 
1  March  1972 


TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number 

of 

failures  *  48 

Reliability 

Confidence  Level 

.99 

.95 

.90 

.85 

.80 

.99 

6694 

6132 

5823 

5624 

5470 

.98 

3342 

3063 

2909 

2810 

2733 

.97 

2224 

2040 

1938 

1872 

1821 

.96 

1666 

1528 

1452 

1403 

1365 

.95 

1330 

1221 

1161 

1122 

1092 

.94 

1107 

1016 

966 

934 

909 

.93 

947 

870 

828 

800 

779 

.92 

827 

761 

724 

700 

681 

.91 

734 

675 

643 

622 

605 

.90 

660 

607 

578 

559 

544 

.89 

599 

551 

525 

508 

495 

.88 

548 

505 

481 

465 

453 

.87 

505 

465 

443 

429 

418 

.86 

468 

432 

411 

398 

388 

.85 

436 

402 

384 

371 

362 

.84 

408 

377 

359 

348 

339 

.83 

383 

354 

338 

327 

319 

.82 

362 

334 

319 

309 

301 

.81 

342 

316 

302 

292 

285 

.80 

324 

300 

286 

278 

271 

Number 

of 

failures  »  49 

Reliability 

Confidence  Level 

.99 

.95 

.90 

.85 

.80 

.99 

6811 

6244 

5932 

5731 

5576 

.98 

3400 

3118 

2964 

2864 

2786 

.97 

2263 

2077 

1974 

1908 

1857 

.96 

1695 

1556 

1479 

1430 

1392 

.95 

1353 

1243 

1182 

1143 

1113 

.94 

1126 

1035 

985 

952 

927 

.93 

964 

886 

843 

816 

794 

.92 

842 

774 

737 

713 

694 

.91 

747 

688 

655 

633 

617 

.90 

671 

618 

589 

570 

555 

.89 

609 

561 

535 

518 

504 

.88 

558 

514 

490 

474 

462 

.87 

514 

474 

452 

437 

426 

.86 

476 

439 

419 

406 

396 

.85 

444 

410 

391 

378 

369 

.84 

415 

384 

366 

355 

346 

.83 

390 

361 

344 

333 

325 

.82 

368 

340 

325 

315 

307 

.81 

348 

322 

307 

298 

291 

.80 

330 

305 

292 

283 

276 

2-98 


MTP  3-1-005 
1  March  1972 


TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  -  50 

Reliability  Confidence  Level 


•99  .95 
•99  6927  6355 
•98  3458  3174 
•97  2302  2114 
•96  1724  1584 
•95  1377  1266 
•94  1145  1053 
•93  980  902 
•92  856  788 
•91  760  700 
•90  683  629 
•89  620  571 
•88  567  523 
•87  523  482 
•  86  484  447 
•85  451  417 
•84  422  391 
•83  397  367 
•82  374  346 
•81  354  328 
•8°  336  311 


Number  of  failures  »  51 
Reliabi 1 ity 


.90 

.85 

6041 

5839 

3018 

2917 

2010 

1944 

1507 

1457 

1204 

1165 

1003 

970 

859 

831 

751 

726 

667 

645 

600 

580 

545 

527 

499 

483 

460 

446 

427 

413 

398 

386 

373 

361 

351 

340 

331 

321 

313 

304 

297 

288 

Confidence  Level 


.99 

.98 

.97 

.96 

.95 

.94 

.93 

.92 

.91 

.90 

.89 

.83 

.87 

.86 

.85 

.84 

.83 

.82 

.81 

.80 


.99 

.95 

7043 

6467 

3516 

3230 

2  340 

2151 

1753 

1611 

1400 

1288 

1165 

1072 

997 

918 

871 

802 

773 

712 

694 

640 

630 

581 

577 

5  32 

531 

491 

493 

455 

459 

424 

4  30 

397 

404 

374 

381 

352 

360 

334 

341 

316 

.90 

.85 

6150 

5946 

3072 

2971 

2047 

1979 

1534 

1484 

1226 

1186 

1021 

988 

874 

846 

764 

740 

679 

657 

610 

591 

554 

537 

508 

492 

468 

454 

434 

421 

405 

393 

380 

368 

357 

346 

337 

327 

319 

309 

303 

293 

.80 

5682 

2839 

1892 

1418 

1134 

945 

809 

708 

629 

566 

514 

471 

434 

403 

376 

352 

331 

313 

296 

281 


.80 

5788 

2892 

1927 

1445 

1155 

962 

824 

721 

640 

576 

523 

480 

442 

411 

383 

359 

338 

319 

302 

286 


2-99 


MTP  3-1-005 
1  March  1972 


TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  »  52 
Reliability 


.99 

.95 

.99 

7159 

6578 

.98 

3574 

3285 

.97 

2379 

2188 

.96 

1781 

1639 

.95 

1423 

1310 

.94 

1184 

1090 

.93 

1013 

934 

.92 

885 

816 

.91 

786 

725 

.90 

706 

651 

.89 

641 

592 

.88 

586 

542 

.87 

540 

499 

.86 

501 

463 

.85 

467 

432 

.84 

437 

404 

.83 

410 

380 

.82 

387 

359 

.81 

366 

339 

.80 

347 

322 

ReliaM!$ 

of  failures  ■  53 

.99 

.95 

.99 

7275 

6689 

.98 

3632 

3341 

.97 

2417 

2225 

.96 

1810 

1667 

.95 

1446 

1332 

.94 

1203 

1109 

.93 

1030 

949 

.92 

900 

830 

.91 

798 

737 

.90 

717 

662 

.89 

651 

602 

.88 

596 

551 

.87 

549 

508 

.86 

509 

471 

.85 

474 

439 

.84 

444 

411 

.83 

417 

387 

.82 

393 

365 

.81 

372 

345 

.80 

353 

327 

Confidence  Level 


.90 

.85 

.80 

6259 

6053 

5893 

3127 

3025 

2945 

2083 

2015 

1962 

1561 

1510 

1471 

1248 

1207 

1176 

1039 

1006 

980 

890 

861 

839 

778 

753 

734 

691 

669 

652 

621 

602 

587 

564 

547 

533 

517 

501 

488 

477 

462 

451 

442 

429 

418 

412 

400 

390 

386 

375 

365 

363 

352 

344 

343 

332 

325 

324 

315 

307 

308 

2S9 

292 

Confidence  Level 


.90 

.85 

.80 

6368 

6160 

5999 

3181 

3078 

2998 

2119 

2051 

1998 

1538 

1537 

1498 

1269 

1229 

1197 

1057 

1023 

997 

905 

877 

854 

791 

767 

747 

703 

681 

664 

632 

612 

597 

574 

556 

543 

526 

510 

497 

485 

470 

459 

450 

436 

426 

420 

407 

397 

393 

381 

372 

370 

359 

350 

349 

338 

330 

330 

320 

313 

313 

304 

297 

2-100 


MTP  3-1-005 
1  March  1972 


TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  -  54 
Reliability 


Confidence  Level 


.99 

.98 

.97 

.96 

.95 

.94 

.93 

.92 

.91 

.90 

.89 

.88 

.87 

.86 

.85 

.84 

.83 

.82 

.81 

.80 


.99 

7390 

3690 

2456 

1839 

1469 

1222 

1046 

914 

811 

729 

662 

605 

558 

517 

482 

451 

424 

400 

378 

359 


.95 

6800 

3396 

2262 

1695 

1354 

1127 

965 

844 

749 

674 

612 

560 

516 

479 

447 

418 

393 

371 

351 

333 


Number  of  failures  *  55 
Reliability 


.90 

6476 

3236 

2155 

1615 

1291 

1075 

921 

805 

715 

643 

584 

535 

493 

458 

427 

400 

376 

355 

336 

319 


.85 

6267 

3132 

2086 

1564 

1250 

1041 

892 

780 

693 

623 

566 

519 

478 

444 

414 

388 

365 

344 

326 

309 


.80 

6105 

3051 

2033 

1524 

1219 

1015 

870 

760 

676 

608 

552 

506 

467 

433 

404 

379 

356 

336 

318 

302 


Confidence  Level 


.99 

.99 

7506 

.98 

3747 

.97 

2494 

.96 

1868 

.95 

1492 

.94 

1242 

.93 

1063 

.92 

928 

.91 

824 

.90 

740 

.89 

672 

.88 

615 

.87 

567 

.86 

525 

.85 

490 

.84 

458 

.83 

431 

.82 

406 

.81 

384 

.80 

364 

.95 

.90 

6911 

6585 

3452 

3290 

2299 

2191 

1722 

1642 

1376 

1313 

1146 

1093 

981 

936 

858 

818 

761 

727 

685 

654 

622 

534 

569 

544 

525 

502 

487 

465 

454 

434 

425 

407 

400 

382 

377 

361 

357 

341 

338 

324 

.85 

.80 

6374 

6210 

3185 

3104 

2122 

2068 

1591 

1550 

1272 

1240 

1059 

1033 

907 

885 

793 

774 

705 

687 

634 

618 

576 

562 

527 

515 

487 

475 

451 

441 

421 

411 

395 

385 

371 

.362 

350 

342 

332 

324 

315 

307 
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1  March  1972 


TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  «  56 
Reliability 


.99 

.95 

.99 

7621 

7022 

.98 

3805 

3507 

.97 

2533 

2336 

.96 

1897 

1750 

.95 

1515 

1399 

.94 

1261 

1164 

.93 

1079 

997 

.92 

943 

871 

.91 

837 

774 

.90 

752 

696 

.89 

682 

632 

.88 

625 

578 

.87 

576 

533 

.86 

534 

495 

.85 

497 

461 

.84 

465 

432 

.33 

437 

406 

.82 

412 

383 

.81 

390 

362 

.80 

370 

344 

Number  of 

failures  ■  57 

Reliability 

.99 

.95 

.99 

7736 

7133 

.98 

3862 

3563 

.97 

2571 

2373 

.96 

1926 

1778 

.95 

1538 

1421 

.94 

1280 

1183 

.93 

1095 

1013 

.92 

957 

885 

.91 

849 

786 

.90 

763 

707 

.89 

693 

642 

.88 

634 

588 

.87 

584 

542 

.86 

542 

503 

.85 

505 

469 

.84 

473 

439 

.83 

444 

413 

.82 

419 

389 

.81 

396 

368 

.80 

376 

349 

Confidence  Level 


.90 

.85 

.80 

6693 

6481 

6316 

3344 

3238 

3156 

2228 

2158 

2103 

1669 

1617 

1527 

1334 

1293 

1261 

1111 

1077 

1050 

952 

922 

900 

832 

807 

787 

739 

716 

699 

665 

644 

629 

604 

585 

571 

553 

536 

523 

510 

495 

483 

473 

459 

448 

441 

428 

418 

413 

401 

392 

389 

377 

369 

367 

356 

348 

347 

337 

329 

329 

320 

313 

Confidence  Level 


.90 

.85 

.80 

6802 

6588 

6422 

3398 

3292 

3209 

2264 

2193 

23  38 

1696 

1644 

1603 

1356 

1314 

1282 

1129 

1095 

1068 

967 

938 

915 

846 

820 

800 

751 

728 

711 

675 

655 

639 

613 

595 

581 

562 

545 

532 

518 

503 

491 

481 

467 

456 

448 

435 

425 

420 

4CS 

398 

395 

384 

375 

373 

362 

354 

353 

343 

335 

335 

325 

318 

2-102 


MT?  3-1-005 
1  March  1972 


TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  *  58 
Reliability 


Confidence  Level 


.99 

.95 

.99 

7851 

7243 

.98 

3920 

3618 

.97 

2609 

2410 

.96 

1954 

1805 

.95 

1561 

1443 

.94 

1299 

1201 

.93 

1112 

1028 

.92 

971 

899 

.91 

862 

798 

.90 

775 

718 

.89 

703 

652 

.88 

644 

597 

.87 

593 

550 

.86 

550 

510 

.85 

512 

476 

.84 

480 

446 

.83 

451 

419 

.82 

425 

395 

.81 

402 

374 

.80 

381 

555 

Number 

of  failures  ■  59 

Reliability 

.99 

.95 

.99 

7966 

7354 

.98 

3977 

3673 

.97 

2648 

2446 

.96 

1983 

1833 

.95 

1584 

1465 

.94 

1318 

1219 

.93 

1128 

1044 

.92 

986 

913 

.91 

875 

810 

.90 

786 

729 

.89 

714 

662 

.88 

653 

606 

.87 

602 

559 

.86 

558 

518 

.85 

520 

483 

.84 

487 

453 

.83 

457 

425 

.82 

431 

401 

.81 

408 

380 

.80 

387 

360 

.90 

.85 

.80 

6910 

6694 

6527 

3452 

3345 

3262 

2300 

2229 

2174 

1723 

1671 

1629 

1378 

1336 

1303 

1147 

1112 

1085 

983 

953 

930 

859 

833 

813 

763 

740 

722 

686 

666 

650 

623 

605 

590 

571 

554 

541 

527 

511 

499 

488 

474 

463 

456 

442 

432 

427 

414 

405 

401 

390 

381 

379 

368 

360 

358 

348 

340 

340 

331 

323 

Confidence  Level 


.90 

.85 

.80 

7018 

6801 

6632 

3506 

3399 

3315 

2336 

2264 

2209 

1751 

1697 

1656 

1399 

1357 

1324 

1165 

1130 

1103 

998 

968 

945 

873 

847 

826 

775 

752 

734 

697 

676 

660 

633 

614 

600 

580 

563 

550 

535 

519 

507 

496 

482 

471 

463 

449 

439 

433 

421 

411 

408 

396 

38/ 

385 

374 

365 

364 

354 

346 

346 

336 

328 
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TABLE  B— 18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  »  60 
Reliability 


.99 

.95 

.99 

8081 

7464 

.98 

4035 

3729 

.97 

2686 

2483 

.96 

2012 

1861 

.95 

1607 

1487 

.94 

1337 

1238 

.93 

1144 

1060 

.92 

1000 

926 

.91 

887 

823 

.90 

798 

740 

.89 

724 

672 

.88 

663 

615 

.87 

611 

567 

.86 

566 

526 

.85 

528 

491 

.84 

494 

459 

.83 

464 

432 

.82 

433 

407 

.81 

414 

386 

.80 

393 

366 

Number 

of  failures  »  61 

Reliability 

.99 

.95 

.99 

8196 

7575 

.98 

4092 

3784 

.97 

2724 

252C 

.96 

2040 

1883 

.95 

1630 

1509 

.94 

1356 

1256 

.93 

1161 

1076 

.92 

1014 

940 

.91 

900 

835 

.90 

809 

751 

.89 

734 

682 

.88 

672 

624 

.87 

619 

576 

.86 

574 

534 

,85 

535 

498 

.84 

501 

466 

.83 

471 

438 

.82 

444 

414 

.81 

420 

391 

.80 

398 

371 

Confidence  Level 


•90  .85  .80 
7126  6908  6738 
3561  3452  3367 
2372  2300  2244 
1778  1724  1682 

3421  1378  2345 

1183  1148  1120 
3013  983  960 
886  860  639 
787  764  746 
?08  687  671 
843  624  610 
589  572  559 
543  527  515 
504  489  478 
470  457  446 
440  428  418 
414  402  393 
391  380  371 
370  359  351 
353  341  334 


Confidence  Level 

•90  .85  .80 
7235  7014  6843 
3615  3505  3420 
2408  2335  2279 
1805  1750  1708 
1443  1400  1366 
3201  1166  1138 
1025  998  975 
899  873  853 
799  776  757 
738  698  681 
653  634  619 
598  561  567 
551  536  523 
512  497  486 
477  464  453 
447  434  425 
420  409  399 
397  386  377 
375  365  357 
356  347  339 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  -  62 
Reliabil! ty 


.99  .95 
•99  8311  7685 
.98  4149  3839 

•97  2762  2557 
•96  2069  1916 
•95  1653  1531 
•94  1375  1275 
•93  1177  1091 
•92  1028  954 
•91  913  847 
•90  820  762 
•89  745  692 
•88  682  633 
•87  628  584 
•86  582  542 
•85  543  505 
•84  508  473 
•83  477  445 
•82  450  420 
•81  426  397 
.80  404  377 

Number  of  failures  -  63 
Reliability 

.99  .95 
•99  8425  7795 
•98  4207  3894 
•97  2800  2593 
•96  2097  1943 
•95  1676  1553 
.94  1394  2293 
•93  1193  1107 
•92  1043  968 
•91  925  859 
•90  832  773 
•89  755  702 
•88  691  643 
•87  637  592 
•86  591  550 
•85  550  522 
•84  515  480 
•83  484  451 
•82  457  426 
•81  432  403 
•80  410  382 


Confidence  Level 


•90  .85  .80 
7343  7121  6949 
3669  3558  3473 
2444  2371  2314 
1832  1777  1735 
1954  1421  2387 
1219  1183  1155 
1044  1014  990 
913  886  866 
811  787  769 
729  708  692 
662  643  629 
607  589  576 
560  544  532 
519  505  493 
^84  471  460 
454  441  ^32 
427  415  406 
403  391  383 
381  371  363 
362  352  344 


Confidence  Level 

•90  .85  .80 
7451  7227  7054 
3723  3612  3S25 
2480  2406  2349 
1859  1804  176'. 
I486  1442  1408 
1237  1201  11/3 
1060  1029  10C5 
926  900  879 
823  799  781 

740  719  702 
872  653  638 
616  598  585 
568  552  540 
527  512  501 
491  478  467 
460  448  438 
433  421  412 
409  397  389 
387  376  368 
367  357  349 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  »  64 
Reliability 


.99 

.95 

.99 

8539 

7906 

.98 

4264 

3949 

.97 

2839 

2630 

.96 

2126 

1971 

.95 

1698 

1575 

.94 

1413 

1311 

.93 

1210 

1123 

.92 

1057 

981 

.91 

938 

872 

.90 

843 

784 

.89 

765 

712 

.88 

701 

652 

.87 

646 

601 

.86 

599 

557 

.85 

558 

520 

.84 

522 

487 

.83 

491 

458 

.82 

463 

432 

.81 

438 

409 

.80 

415 

388 

Number  of  failures  ■  65 
Reliability 


.99 

.95 

.99 

8654 

8016 

.98 

4321 

4004 

.97 

2877 

2667 

.96 

2154 

1998 

.95 

1721 

1597 

.94 

1432 

1330 

.93 

1226 

1138 

.92 

1071 

995 

.91 

951 

884 

.90 

854 

795 

.89 

776 

722 

.88 

710 

661 

.87 

654 

609 

.86 

607 

565 

.85 

565 

527 

.84 

529 

494 

.83 

497 

464 

.82 

469 

438 

.81 

444 

414 

.80 

421 

393 

Confidence  Level 


.90 

.85 

.80 

7559 

7334 

7159 

3777 

3665 

3578 

2516 

2442 

2384 

1885 

1830 

1787 

1507 

1463 

1429 

1255 

1219 

1190 

1075 

1044 

1020 

940 

913 

892 

835 

811 

792 

751 

729 

713 

682 

663 

648 

625 

607 

593 

576 

560 

548 

535 

520 

508 

499 

485 

474 

467 

454 

444 

439 

427 

418 

414 

403 

394 

392 

382 

374 

372 

362 

355 

Confidence  Level 


.90 

.85 

.80 

7666 

7440 

7264 

3830 

3718 

3630 

2552 

2477 

2419 

1912 

1857 

1814 

1485 

1485 

1450 

1273 

1236 

1208 

1090 

1059 

1035 

953 

926 

905 

847 

823 

804 

762 

740 

723 

692 

672 

657 

634 

616 

602 

584 

568 

556 

542 

527 

516 

506 

492 

481 

474 

461 

451 

446 

433 

424 

420 

409 

400 

398 

387 

379 

378 

368 

360 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  -  66 
Reliability 


Confidence  Level 


.99 

.98 

.97 

.96 

.95 

.94 

.93 

.92 

.91 

.90 

.89 

.88 

.87 

.86 

.85 

.84 

.83 

.82 

.81 

.80 


.99 

8768 

4378 

2915 

2183 

1744 

1451 

1242 

1085 

963 

866 

786 

719 

663 

615 

573 

536 

504 

475 

450 

427 


.95 

8126 

4059 

2703 

2026 

1619 

1348 

1154 

1009 

896 

806 

732 

670 

618 

573 

534 

500 

470 

444 

420 

399 


Number  of  failures  -  67 
Reliability 


.90 

7774 

3884 

2588 

1939 

1550 

1291 

1106 

967 

859 

772 

702 

64J 

593 

550 

513 

480 

452 

426 

404 

383 


.85 

7547 

3771 

2513 

1883 

1506 

1254 

1074 

939 

835 

751 

682 

625 

576 

535 

499 

467 

440 

415 

393 

373 


.80 

7369 

3683 

2454 

1840 

1471 

1225 

1050 

918 

816 

734 

667 

611 

564 

523 

488 

457 

430 

406 

385 

365 


Confidence  Level 


.99 

.99 

8882 

.98 

4435 

.97 

2953 

.96 

2211 

.95 

1767 

.94 

1470 

.93 

1258 

.92 

1100 

.91 

976 

.90 

877 

.89 

796 

.88 

729 

.87 

672 

.86 

623 

.85 

581 

84 

543 

83 

511 

82 

482 

81 

456 

80 

432 

.95 

.90 

8236 

7882 

4114 

3938 

2740 

2624 

2053 

1966 

1641 

1572 

1366 

1309 

1170 

1121 

1023 

980 

908 

871 

816 

783 

741 

711 

679 

652 

626 

601 

581 

558 

542 

520 

507 

487 

477 

458 

450 

432 

426 

409 

404 

388 

.85 

.80 

7653 

7474 

3824 

3736 

2548 

2489 

1910 

1866 

1527 

1492 

1272 

1243 

1089 

1065 

953 

931 

846 

827 

761 

744 

692 

676 

634 

620 

585 

572 

542 

531 

506 

495 

474 

464 

446 

436 

421 

412 

398 

390 

378 

370 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  ■  68 
Reliability 


Confidence  Level 


.99 

.98 

.97 

.96 

.95 

.94 

.93 

.92 

.91 

.90 

.89 

.88 

.87 

.86 

.85 

.84 

.83 

.82 

.81 

.80 


.99 

8996 

4492 

2990 

2240 

1789 

1489 

1275 

1114 

989 

888 

807 

738 

681 

631 

588 

551 

517 

488 

462 

438 


•  95 
8346 
4169 
2777 
2081 
1663 
1384 
1185 
1036 
920 
827 
751 
688 
635 
589 
549 
514 
483 
456 
432 
410 


Number  of  failures  •  69 
Reliability 


.90 

7990 

3992 

2659 

1993 

1593 

1327 

1136 

994 

883 

794 

721 

660 

609 

565 

527 

494 

464 

438 

415 

394 


.85 

7759 

3877 

2583 

1936 

1548 

1289 

1105 

966 

858 

772 

701 

642 

593 

550 

513 

481 

452 

427 

404 

384 


.80 

7580 

3788 

2524 

1892 

1513 

1260 

1080 

944 

839 

755 

686 

628 

580 

538 

502 

470 

443 

418 

396 

376 


Confidence  Level 


.99 

.99 

9110 

.98 

4549 

.97 

3028 

.96 

2268 

.95 

1812 

.94 

1508 

.93 

1291 

.92 

1128 

.91 

1001 

.90 

900 

.39 

817 

.88 

748 

.8' 

689 

.86 

639 

.85 

596 

.84 

558 

.83 

524 

.32 

494 

.81 

467 

.80 

443 

.95 

.90 

8455 

8097 

4224 

4046 

2813 

2695 

2108 

2020 

1685 

1615 

1403 

1345 

1201 

1152 

1050 

1007 

932 

895 

838 

804 

761 

731 

697 

669 

643 

617 

596 

573 

55C 

534 

521 

501 

490 

471 

462 

444 

437 

420 

415 

399 

.85 

.80 

7865 

7685 

3930 

3841 

2619 

2559 

1973 

1919 

1569 

1534 

1307 

1278 

1120 

1095 

979 

958 

870 

851 

782 

765 

711 

695 

651 

637 

601 

588 

558 

546 

520 

509 

487 

477 

458 

449 

433 

424 

410 

401 

389 

381 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number 

of 

failures  **  70 

Reliability 

Confidence  Level 

.99 

.95 

.90 

.85 

.80 

.99 

9223 

8565 

8205 

7971 

7790 

.98 

4606 

4279 

4100 

3984 

3893 

.97 

3066 

2850 

2731 

2654 

2594 

.96 

2297 

2135 

2047 

1990 

1945 

.95 

1335 

1707 

1636 

1591 

1555 

.94 

1527 

1421 

1363 

1325 

1295 

.93 

1307 

1217 

1167 

1135 

1110 

.92 

1142 

1064 

1020 

992 

971 

.91 

1014 

945 

906 

832 

862 

.90 

911 

849 

815 

793 

776 

.89 

827 

771 

741 

721 

705 

.88 

757 

706 

678 

660 

646 

.87 

698 

651 

626 

609 

596 

.86 

647 

604 

581 

565 

553 

.85 

603 

563 

541 

527 

516 

.84 

565 

528 

507 

494 

484 

.83 

531 

496 

477 

465 

455 

.82 

500 

468 

450 

438 

429 

.81 

473 

443 

426 

415 

407 

.80 

449 

420 

404 

394 

386 

Number 

of 

failures  ■  71 

Reliability 

Confidence  Level 

.99 

.95 

.90 

.85 

.80 

.99 

9337 

8675 

8313 

8078 

7895 

.98 

4662 

4333 

4153 

4037 

3946 

.97 

3104 

2386 

2767 

2690 

2629 

.96 

2325 

2163 

2074 

2016 

1971 

.75 

1857 

1729 

1658 

1612 

1576 

.94 

1546 

1439 

1381 

1342 

1313 

.93 

1323 

1232 

1182 

1150 

1125 

.92 

1156 

1077 

1034 

1006 

984 

.91 

1026 

957 

918 

893 

874 

.90 

922 

860 

826 

804 

786 

.89 

837 

781 

750 

730 

714 

.88 

767 

715 

687 

669 

655 

.87 

707 

660 

634 

617 

604 

.86 

655 

612 

588 

573 

561 

.85 

611 

571 

549 

534 

523 

.84 

572 

534 

514 

500 

490 

.83 

537 

503 

483 

471 

461 

.82 

507 

474 

456 

444 

435 

.31 

479 

449 

432 

421 

412 

.80 

455 

426 

410 

399 

391 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  ■  72 

Reliability  Confidence  Level 


.99 

.95 

.99 

9451 

8784 

.98 

4719 

4388 

.97 

3142 

2923 

.96 

2353 

2190 

.95 

1880 

1750 

.94 

1565 

1457 

.93 

1339 

1248 

.92 

1170 

1091 

.91 

1039 

969 

.90 

934 

871 

.89 

848 

791 

.88 

776 

725 

.87 

715 

668 

.86 

663 

620 

.85 

618 

578 

.84 

579 

541 

.83 

544 

509 

.82 

513 

480 

.81 

485 

454 

.80 

460 

431 

Number 

of  failures  »  73 

Reliability 

.99 

.95 

.99 

9564 

8894 

.98 

4776 

4443 

.97 

3180 

2959 

.96 

2382 

2217 

.95 

1903 

1772 

.94 

1584 

1476 

.93 

1355 

1264 

.92 

1184 

1105 

.91 

1051 

981 

.90 

945 

882 

.89 

858 

801 

.88 

785 

734 

.87 

724 

677 

.86 

671 

628 

.85 

626 

585 

.84 

586 

548 

.83 

550 

515 

.82 

519 

486 

.81 

491 

460 

.80 

466 

437 

.90 

.85 

.80 

8420 

8184 

7999 

4207 

4090 

3998 

2803 

2725 

2664 

2101 

2043 

1997 

1679 

1633 

1597 

1398 

1360 

1330 

1198 

1165 

1140 

1047 

1019 

997 

930 

905 

886 

837 

814 

797 

760 

740 

724 

696 

678 

663 

642 

625 

612 

596 

580 

568 

556 

541 

530 

521 

507 

497 

490 

477 

467 

462 

450 

441 

437 

426 

418 

415 

405 

396 

Confidence  Level 

.90 

.85 

.80 

8527 

8290 

8104 

4261 

4143 

4050 

2839 

2760 

2699 

2127 

2069 

2023 

1701 

1654 

1618 

1416 

1378 

1348 

1213 

1180 

1155 

1061 

1032 

1010 

942 

917 

897 

847 

825 

807 

770 

749 

733 

705 

687 

672 

650 

633 

620 

603 

588 

576 

563 

548 

537 

527 

514 

503 

496 

483 

473 

468 

456 

447 

443 

432 

423 

421 

410 

402 

2-110 


MTP  3-1-005 
1  March  1972 


TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  “  74 
Reliability 


.99 

.95 

.99 

9677 

9003 

.98 

4832 

4498 

.97 

3217 

2996 

.96 

2410 

2245 

.95 

1925 

1794 

.94 

1602 

1494 

.93 

1372 

1279 

.92 

1199 

1118 

.91 

1064 

993 

.90 

956 

893 

.89 

868 

811 

.88 

795 

743 

.87 

733 

685 

.86 

679 

635 

.85 

633 

592 

.84 

593 

555 

.83 

557 

522 

.82 

525 

492 

.81 

497 

466 

.80 

471 

442 

Number 

of  failures  »  75 

Reliability 

.99 

.95 

.99 

9791 

9113 

.98 

4889 

4552 

.97 

3255 

3032 

.96 

2438 

2272 

.95 

1948 

1816 

.94 

1621 

1512 

.93 

1388 

1295 

.92 

1213 

1132 

.91 

1076 

1005 

.90 

968 

904 

.89 

878 

821 

.88 

804 

752 

.87 

741 

693 

.86 

687 

64  3 

.85 

641 

600 

.84 

600 

562 

.83 

564 

528 

.82 

532 

498 

.81 

503 

472 

.80 

477 

448 

Confidence  Level 


.90 

.85 

.80 

8635 

8396 

8209 

4314 

4196 

4103 

2874 

2795 

2734 

2154 

2095 

2050 

1722 

1675 

1639 

1434 

1395 

1365 

1228 

1195 

1170 

1074 

1045 

1023 

954 

929 

909 

858 

835 

813 

779 

759 

743 

714 

695 

681 

659 

641 

628 

611 

595 

583 

570 

555 

544 

534 

520 

510 

502 

489 

479 

474 

462 

453 

449 

437 

429 

426 

415 

407 

Confidence  Level 


.90 

.85 

.80 

8742 

8502 

8314 

4368 

4248 

4155 

2910 

2831 

2769 

2181 

2122 

2076 

1744 

1697 

1660 

1452 

1413 

1383 

1244 

1211 

1185 

1087 

1059 

1036 

966 

940 

921 

869 

846 

828 

789 

769 

753 

723 

704 

689 

667 

650 

636 

619 

603 

590 

577 

562 

551 

541 

527 

516 

5U8 

496 

486 

480 

468 

458 

454 

443 

434 

431 

420 

412 

2-111 


MTP  3-1-005 
1  March  1972 


TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  -  76 
Reliability 


•99  .95 
.99  9904  9222 
•98  4946  4607 
•97  3293  3069 
•96  2466  2299 
•95  1971  1838 
•94  1640  1530 
•93  1404  1310 
•92  1227  1145 
•91  1089  1017 
•90  979  915 
•89  889  831 
•88  813  761 
•87  750  702 
•86  695  651 
•85  648  607 
•84  607  568 
•83  570  534 
•82  538  504 
•81  509  477 
•80  483  453 

Number  of  failures  -  77 
Reliability 

•99  .95 
•99  10017  9331 
•98  5002  4662 
•97  3330  3105 
.96  2495  2327 
•95  1993  I860 
•94  1659  1548 
•93  1420  1326 
•92  1241  1159 
•91  1102  1029 
.90  990  926 
•89  899  841 
•88  823  770 
•87  758  710 
•86  703  659 
•  85  656  614 
•84  614  575 
•83  577  54! 
•82  544  510 
•81  515  483 
•80  488  458 


Confidence  Level 


•90  85  .80 
8849  8607  8419 
4^22  4301  4208 
2946  2866  2804 
2208  2148  2102 
1765  1718  1681 
1470  1431  1400 

l259  1226  1200 
1101  1072  1049 
978  952  932 
879  856  8',9 
799  778  762 
732  713  698 
675  658  644 
626  610  598 
584  569  558 
547  533  523 
515  502  492 
486  474  464 
460  448  440 
436  426  417 


Confidence  Level 

•90  .85  .80 
8957  8713  8524 
4475  4354  4260 
2982  2901  2839 
2235  2175  2128 
1786  1739  1702 
1488  1448  1418 
1274  12/.1  1215 
H14  1085  1062 
990  964  944 
890  867  849 
809  788  772 
741  722  707 
683  666  652 
834  618  605 
591  576  565 
554  540  529 
521  508  498 
492  479  470 
465  454  445 
442  431  423 
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MTP  3-1-005 
1  March  1972 


TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  ■  78 
Reliability 


•99  .95 
•99  10130  9441 
•98  5059  4716 
•97  3368  3141 
•96  2523  2354 
•95  2016  1881 
•94  1678  1566 
•93  1436  1341 
•92  1255  1173 
•91  1114  1041 
•90  1001  936 
•  89  909  851 
•88  832  779 
•87  767  718 
•86  711  666 
•85  663  621 
•84  621  582 
•83  583  547 
•82  550  516 
•81  521  489 

•80  494  454 

Number  of  failures  -  79 
Reliability 

•99  .95 
•99  10243  9550 
•98  5115  4771 
•97  3406  3178 
•96  2551  2381 
•95  2038  1903 
•94  1696  1585 
•93  1452  1357 
•92  1269  1186 
•91  1126  1054 
•90  1013  947 
•89  919  860 
•88  842  788 
•87  776  727 
•86  719  674 
•85  6/1  629 
•84  628  589 
•  83  590  554 
•82  556  522 
•81  526  494 
.80  499  469 


Confidence  Level 


•90  .85  .80 
9064  8819  8628 
4529  4407  4312 
3017  2937  2874 
2261  2201  2154 
1808  1760  1723 
1506  1466  143<; 
1290  1256  1229 
1128  1098  1075 
1002  976  955 
901  878  859 
818  797  781 
750  731  716 
691  674  660 
642  625  613 
598  583  572 
561  547  536 
527  514  504 
998  485  476 
471  460  451 
447  436  428 


Confidence  Level 

•90  .85  .80 
9171  8925  8733 
9582  4460  4365 
3053  2972  2909 
2288  2228  2181 
1829  1781  1744 
1523  1484  1452 
1305  1271  1244 
1191  1111  1088 
1013  987  967 
911  888  870 

828  807  791 
759  739  724 
700  682  668 
699  633  620 
606  590  579 
567  553  542 
533  520  510 
503  491  482 
977  465  456 
952  442  433 
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MTP  3-1-005 
1  March  1972 


TABLE  B-18  continued 


RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  »  80 
Reliability 


Confidence  Level 


.99 

.98 

.97 

.96 

.95 

.94 

.93 

.92 

.91 

.90 

.89 

.88 

.87 

.86 

.85 

.84 

.83 

.82 

.81 

.80 


.99 

10356 

5171 

3443 

2579 

2061 

1715 

1468 

1283 

1139 

1024 

929 

851 

784 

727 

678 

635 

597 

563 

532 

505 


.95 

9659 

4825 

3214 

2408 

1925 

1603 

1373 

1200 

1066 

958 

870 

797 

735 

682 

636 

596 

560 

528 

500 

475 


Number  of  failures  «  81 
Reliability 


.90 

9278 

4636 

3089 

2315 

1851 

1541 

1320 

1154 

1025 

922 

838 

767 

708 

657 

613 

574 

540 

509 

482 

458 


.85 

9031 

4513 

3007 

2254 

1802 

1501 

1286 

1125 

999 

899 

817 

748 

690 

641 

597 

560 

527 

497 

471 

447 


.80 

8838 

4417 

2943 

2207 

1765 

1470 

1259 

1101 

979 

880 

800 

733 

676 

628 

586 

549 

516 

487 

461 

438 


Confidence  Level 


.99 

.99 

10469 

.98 

5228 

.97 

3481 

.96 

2607 

.95 

2083 

.94 

1734 

.93 

1484 

.92 

1297 

.91 

3151 

.90 

1035 

.89 

940 

.88 

860 

.87 

793 

.86 

735 

.85 

685 

.84 

642 

.83 

603 

.82 

569 

.81 

538 

.80 

511 

.95 

.90 

9768 

9385 

4880 

4690 

3250 

3124 

2436 

2342 

1947 

1872 

1621 

1559 

1388 

1335 

1214 

1168 

1078 

1037 

969 

933 

880 

847 

806 

776 

743 

716 

690 

664 

643 

620 

602 

581 

566 

546 

534 

515 

506 

488 

480 

463 

.85 

.80 

9136 

8942 

4566 

4469 

3042 

2978 

2281 

2233 

1823 

1785 

1519 

1487 

1301 

1274 

1138 

1115 

1011 

990 

909 

891 

826 

809 

757 

742 

698 

684 

648 

635 

604 

593 

566 

555 

533 

522 

503 

493 

476 

467 

452 

443 
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MTP  3-1-005 
1  March  1972 


TABLE  B— 18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  -  82 
Reliability 


Confidence  Level 


.99 

.98 

.97 

.96 

.95 

.94 

.93 

.92 

.91 

.90 

.89 

.88 

.87 

.86 

.85 

.84 

.83 

.82 

.81 

.80 


.99 

10581 

5284 

3518 

2636 

2106 

1753 

1500 

1311 

1164 

1046 

950 

870 

802 

743 

693 

649 

610 

575 

544 

516 


.95 

9877 

4934 

3287 

2463 

1969 

J639 

1404 

1227 

1090 

980 

890 

815 

752 

697 

650 

609 

573 

540 

511 

485 


Number  of  failures  -  83 
Reliability 


.90 

9492 

4743 

3160 

2368 

1893 

1577 

1351 

1181 

104S 

944 

857 

71.5 

724 

672 

627 

587 

552 

521 

493 

468 


.85 

9242 

4619 

3078 

2307 

1845 

1536 

1316 

1151 

1023 

920 

836 

766 

706 

656 

612 

573 

539 

509 

482 

457 


.80 

904, 

4522 

3013 

2259 

1806 

1505 

1289 

1128 

1002 

901 

819 

750 

692 

643 

600 

562 

529 

499 

472 

449 


Confidence  Level 


.99 

.98 

.97 

.96 

.95 

.94 

.93 

.92 

.91 

.90 

.89 

.88 

.87 

.86 

.85 

.84 

.83 

.82 

.81 

.80 


.99 

.95 

10694 

9986 

5340 

4989 

3556 

3323 

2664 

2490 

2128 

1990 

1771 

1657 

1516 

1419 

1325 

1241 

1176 

1102 

1057 

991 

960 

900 

879 

824 

810 

760 

751 

705 

700 

658 

656 

616 

616 

579 

581 

546 

550 

517 

522 

491 

.90 

.85 

9599 

9348 

4796 

4671 

3196 

3113 

2395 

2333 

1915 

1866 

1595 

1554 

1366 

1331 

1194 

1164 

1061 

1034 

954 

930 

867 

845 

794 

774 

732 

714 

680 

663 

634 

619 

594 

580 

559 

545 

527 

515 

499 

487 

474 

463 

.80 
9152 
4574 
3048 
2285 
1827 
1522 
1304 
1141 
1013 
912 
828 
759 
700 
650 
606 
568 
535 
505 
4  78 
454 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  ■  84 

Reliability  Confidence  Level 


.99 

.95 

.99 

10807 

10095 

.98 

5397 

5043 

.97 

3593 

3359 

.96 

2692 

2517 

.95 

2151 

2012 

.94 

1790 

1675 

.93 

1532 

1435 

.92 

1339 

1254 

.91 

1189 

1114 

.90 

1069 

1002 

.89 

970 

910 

.88 

888 

833 

.87 

819 

768 

.86 

759 

713 

.85 

708 

665 

.84 

663 

623 

.83 

623 

585 

.82 

587 

552 

.81 

556 

523 

.80 

527 

496 

Number  of  failures  *  85 
Reliability 


.99 

.95 

.99 

10919 

10204 

.98 

5453 

5098 

.97 

3631 

3395 

.96 

2720 

2544 

.95 

2173 

2034 

.94 

1809 

1693 

.93 

1548 

1450 

.92 

1353 

1268 

.91 

1201 

1126 

.90 

1080 

1012 

.89 

980 

920 

.88 

898 

842 

.87 

827 

777 

.86 

767 

721 

.85 

715 

672 

.84 

670 

629 

.83 

629 

592 

.82 

594 

558 

.81 

562 

529 

.80 

533 

502 

.90 

.85 

.80 

9706 

9453 

9256 

4850 

4724 

4626 

3231 

3148 

3083 

2422 

2360 

2311 

1936 

1887 

1848 

1612 

1571 

1540 

1381 

1346 

1319 

1208 

1177 

1154 

1073 

1046 

1025 

965 

941 

922 

877 

855 

838 

803 

783 

768 

741 

723 

708 

687 

671 

658 

641 

626 

613 

601 

586 

575 

565 

551 

541 

533 

520 

511 

505 

493 

483 

479 

468 

459 

Confidence  Level 

.90 

.85 

.80 

9813 

9559 

9361 

4903 

4777 

4678 

3267 

3183 

3118 

2448 

2386 

2337 

1958 

1908 

1869 

1630 

1589 

1557 

1396 

1361 

1334 

1221 

1191 

1167 

1085 

1058 

1037 

975 

951 

933 

886 

864 

847 

812 

792 

776 

749 

731 

716 

695 

678 

665 

648 

633 

620 

607 

593 

581 

571 

558 

547 

539 

526 

516 

510 

498 

489 

484 

473 

464 

2-116 


MTP  3-1-005 
1  March  1972 


TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  -  86 
Reliability 


.99 

.95 

•  99 

11032 

10312 

.98 

5509 

5152 

.97 

3668 

3432 

.96 

2748 

2572 

.95 

2196 

2056 

.94 

1827 

1711 

.93 

1564 

1466 

.92 

1367 

1281 

.91 

1214 

1138 

.90 

1091 

1023 

.89 

991 

929 

.88 

907 

851 

.87 

836 

785 

.86 

775 

728 

.85 

723 

679 

.84 

677 

636 

.83 

636 

598 

.82 

600 

564 

.81 

568 

534 

.80 

538 

507 

Number  of  failures  ■  87 
Reliability 


.99 

.95 

.99 

11144 

10421 

.98 

5565 

5206 

.97 

3706 

3468 

.96 

2776 

2599 

.95 

2218 

2077 

.94 

1846 

1730 

.93 

1580 

1481 

.92 

1381 

1295 

.91 

1226 

1150 

.90 

1102 

1034 

.89 

1001 

939 

.88 

916 

860 

.87 

845 

793 

.86 

783 

736 

.85 

730 

686 

.34 

684 

643 

.83 

643 

605 

.82 

606 

570 

.81 

573 

540 

.80 

544 

512 

Confidence  Level 


.90 

.85 

.80 

9920 

9665 

9465 

4957 

4830 

4731 

3302 

3218 

3153 

2475 

2412 

2362 

1979 

1929 

1890 

1648 

1607 

1574 

1412 

1376 

1349 

1234 

1204 

1180 

1096 

1069 

1048 

986 

962 

943 

396 

874 

857 

821 

801 

785 

757 

739 

724 

702 

686 

672 

655 

640 

627 

614 

599 

588 

577 

564 

553 

545 

532 

522 

516 

504 

494 

490 

478 

469 

Confidence  Level 


.90 

.85 

.80 

10027 

9770 

9570 

5010 

4883 

4783 

3338 

3253 

3187 

2502 

2439 

2390 

2000 

1950 

1911 

1666 

1624 

1592 

1427 

1391 

1364 

1248 

1217 

1193 

1108 

1081 

1060 

997 

972 

953 

906 

884 

866 

830 

810 

794 

765 

747 

732 

710 

693 

680 

662 

647 

634 

620 

606 

594 

584 

570 

559 

551 

538 

528 

521 

509 

500 

495 

484 

475 
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TABLE  B-18  continued 


RELIABILITY: 

SUCCESS  -  : 

FAILURE 

Number 

of  failures 

-  88 

Reliability 

Confidence  Level 

.99 

.95 

.90 

.85 

.80 

.99 

11256 

10530 

10134 

9876 

9674 

.98 

5621 

5261 

5064 

4935 

4835 

.97 

3743 

3504 

3374 

3289 

3222 

.96 

2804 

2626 

2529 

2465 

2416 

.95 

2240  ■' 

2099 

2022 

1971 

1932 

.94 

1865 

1748 

1684 

1642 

1609 

.93 

1596 

1497 

1442 

1406 

1379 

.92 

1395 

1308 

1261 

1230 

1206 

.91 

1239. 

1162 

1120 

1093 

1071 

.90 

1113 

1045 

1007 

983 

969 

.89 

1011 

949 

915 

893 

876 

.88 

925 

869 

838 

818 

803 

.87 

853 

802 

773 

755 

740 

.86 

791 

744 

718 

701 

687 

.85 

738 

694 

669 

654 

641 

.84 

691 

650 

627 

612 

601 

.83 

649 

611 

590 

576 

565 

.82 

612 

576 

557 

544 

534 

.81 

579 

546 

527 

515 

505 

.80 

550 

518 

500 

489 

480 

Number 

of  failures 

-  89 

Reliability 

Confidence  Level 

.99 

.95 

.90 

.85 

.80 

.99 

11368 

10639 

10240 

9981 

9779 

.98 

5677 

5315 

5117 

4988 

4887 

.97 

3780 

3540 

3409 

3324 

3257 

.96 

2832 

2653 

2555 

2491 

2442 

.95 

2263 

2121 

2043 

1992 

1953 

.94 

1883 

1766 

1701 

1659 

1626 

.93 

1612 

1512 

1457 

1422 

1394 

.92 

1409 

1322 

1274 

1243 

1219 

.91 

1251 

1174 

1132 

1104 

1083 

.90 

1124 

1056 

1018 

994 

974 

.89 

1021 

959 

925 

903 

885 

.88 

935 

878 

847 

827 

811 

.87 

862 

810 

782 

763 

749 

.86 

799 

752 

725 

708 

695 

.85 

745 

701 

676 

661 

648 

.84 

697 

656 

634 

619 

607 

.83 

656 

617 

596 

582 

571 

.82 

618 

582 

563 

550 

539 

.81 

585 

551 

533 

520 

511 

.80 

555 

523 

506 

494 

485 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failure*  -  90 
Reliability 


.99  .95 
•99  11481  10747 
•98  5733  5369 
•97  3818  3576 
•96  2860  2680 
•95  2285  2142 
•94  1902  1784 
•93  1628  1528 
•92  1423  1336 
•91  1263  1186 
•90  1136  1067 
•89  1031  969 
•88  944  887 
•87  870  818 
•86  807  759 
•85  752  708 
•84  704  663 
•83  662  624 
•82  625  588 
•81  591  557 
•80  561  529 

Number  of  failures  -  91 
Reliability 

•99  .95 
•99  11593  10856 
•98  5789  5423 
•97  3855  3613 
•96  2888  2707 
•95  2308  2164 
•94  1921  1802 
•93  1644  1543 
•92  1437  1349 
•  91  1276  1198 
•90  1147  1077 
.89  1041  9?g 
•88  953  896 
•87  879  827 
•86  815  767 
•85  760  715 
•84  711  670 
•83  669  630 
•82  631  594 
•81  597  563 
•80  566  534 


Confidence  Level 


•90  .85  .80 

10347  10086  9883 

5170  5041  4940 

3445  3359  3292 

2582  2518  2468 

2064  2013  1973 

1719  1677  1644 

1472  1437  1408 

1288  1256  1232 

1144  1116  1095 

1029  1004  985 

935  912  895 

856  836  820 

790  771  757 

733  716  702 

684  668  655 

640  626  614 

602  588  578 

568  555  545 

538  526  516 

511  499  490 


Confidence  Level 

•90  .85  .80 

10454  10192  9987 

5224  5093  4992 

3480  3394  3326 

2608  2544  2494 

2085  2034  1994 

1737  1694  1661 

1488  1452  1423 

1301  1269  1245 

1156  1128  1106 

1039  1015  995 

944  922  904 

865  845  829 

798  779  765 

740  723  710 

691  675  662 

647  632  620 

609  595  584 

574  561  551 

544  531  522 

516  505  495 
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TABLE  B— 18  continued 


RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  -  92 


Reliability 

.99 

.99 

11705 

.98 

5845 

.97 

3892 

.96 

2916 

.95 

2330 

.94 

1939 

.93 

1660 

.92 

1451 

.91 

1288 

.90 

1158 

.89 

1051 

.88 

963 

.87 

887 

.86 

823 

.85 

767 

.84 

718 

.83 

675 

.82 

637 

.81 

603 

.80 

572 

Number  of  failures 

Reliability 

.99 

.99 

11817 

.98 

5901 

.97 

3930 

.96 

2944 

.95 

2352 

.94 

1958 

.93 

1676 

.92 

1465 

.91 

1301 

.90 

1169 

.89 

1061 

.88 

972 

.87 

896 

.86 

831 

.85 

775 

.84 

725 

.83 

682 

.82 

643 

.81 

608 

.80 

577 

.95 

.90 

10964 

10560 

5478 

5277 

3649 

3516 

2734 

2635 

2186 

2107 

1820 

1755 

1559 

1503 

1363 

1314 

1210 

1167 

1088 

1050 

988 

954 

905 

874 

835 

806 

775 

748 

722 

898 

677 

654 

636 

615 

600 

580 

568 

549 

539 

521 

.95 

.90 

11073 

10667 

5532 

5330 

3685 

3551 

2761 

2662 

2207 

2128 

1838 

1772 

1574 

1518 

1376 

1327 

1222 

1179 

1099 

1061 

998 

964 

914 

883 

843 

814 

782 

756 

730 

705 

683 

660 

643 

621 

606 

586 

574 

555 

545 

527 

Confidence  Level 


.85 

.80 

10297 

10092 

5146 

5044 

3429 

3361 

2570 

2520 

2055 

2015 

1712 

1679 

1467 

1438 

1283 

1258 

1140 

1118 

1025 

1006 

931 

914 

853 

837 

787 

773 

731 

717 

682 

669 

639 

627 

601 

590 

567 

557 

537 

527 

510 

501 

Confidence  Level 

.85 

.80 

10403 

10196 

5199 

5096 

3464 

3396 

2597 

2546 

2076 

2036 

1729 

1696 

1482 

1453 

1296 

1271 

1151 

1129 

1036 

1016 

941 

923 

862 

846 

795 

781 

738 

724 

689 

676 

645 

633 

607 

596 

573 

563 

542 

533 

515 

506 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  -  94 
Reliability 


.99 

.95 

99 

11928 

11181 

98 

5957 

5586 

97 

3967 

3721 

96 

2972 

2788 

95 

2375 

2229 

94 

1976 

1856 

93 

1692 

1589 

92 

1479 

1390 

91 

1313 

1234 

90 

1180 

1110 

89 

1072 

1008 

88 

981 

923 

87 

905 

852 

86 

839 

790 

85 

782 

737 

84 

732 

690 

83 

688 

649 

82 

649 

612 

81 

614 

580 

80 

583 

550 

Number  of  failures  »  95 
Reliability 


Confidence  Level 


.90 

.85 

.80 

10773 

10508 

10300 

5383 

5251 

5148 

3587 

3499 

3431 

2688 

2623 

2572 

2149 

2097 

2057 

1790 

1747 

1713 

1533 

1497 

1468 

1341 

1309 

1284 

1191 

1163 

1141 

1071 

1046 

1026 

973 

950 

933 

892 

871 

855 

822 

803 

789 

763 

746 

732 

712 

696 

683 

667 

652 

640 

627 

613 

602 

592 

5/9 

568 

560 

548 

538 

532 

520 

511 

Confidence  Level 


.99 

.95 

.99 

12040 

11289 

.98 

6013 

5640 

.97 

4004 

3757 

.96 

3000 

2816 

.95 

2397 

2251 

.94 

1995 

1874 

.93 

1708 

1605 

.92 

14*3 

1403 

.91 

1325 

1246 

.90 

1191 

1121 

.89 

1082 

1018 

.88 

990 

932 

.87 

913 

860 

.86 

847 

798 

.85 

789 

744 

.84 

739 

697 

.83 

695 

655 

.82 

655 

618 

.81 

620 

585 

.80 

588 

556 

.90 

.85 

.80 

10880 

10613 

10405 

5437 

5304 

5200 

3622 

3534 

3466 

2715 

2649 

2598 

2171 

2118 

2078 

1808 

1765 

1731 

1548 

1512 

1483 

1354 

1322 

1297 

1203 

1175 

1152 

1082 

1057 

1037 

983 

960 

942 

900 

880 

863 

831 

811 

797 

771 

753 

739 

719 

703 

690 

674 

648 

646 

633 

619 

608 

598 

585 

574 

566 

553 

544 

537 

526 

516 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  -  96 
Reliability 


Confidence  Level 


.99 

.98 

.97 

.96 

.95 

.94 

.93 

.92 

.91 

.90 

.89 

.88 

.87 

.86 

.85 

.84 

.83 

.82 

.81 

.80 


.99 

12152 

6069 

4041 

3028 

2419 

2014 

1724 

1507 

1338 

1202 

1092 

1000 

922 

855 

797 

746 

701 

661 

626 

594 


.95 

11398 

5694 

3793 

2843 

2272 

1892 

1620 

1417 

1258 

1131 

1028 

941 

868 

805 

751 

704 

662 

624 

591 

561 


Number  of  failures  *  97 
Reliability 


.90 

10986 

5490 

3658 

2742 

2192 

1825 

1564 

1367 

1215 

1092 

993 

909 

839 

778 

726 

680 

640 

604 

572 

543 


.85 

10718 

5357 

3569 

2676 

2139 

1782 

1527 

1335 

1186 

1067 

970 

888 

820 

761 

710 

665 

625 

590 

559 

531 


.80 

10509 

5252 

3500 

2624 

2099 

1748 

1493 

1310 

1164 

1047 

952 

872 

805 

747 

697 

653 

614 

580 

549 

521 


Confidence  Level 


.99 

.98 

.97 

.96 

.95 

.94 

.93 

.92 

.91 

.90 

.89 

.88 

.87 

.86 

.85 

.84 

.83 

.82 

.81 

.80 


.99 

12264 

6125 

4079 

3055 

2441 

2032 

1740 

1521 

1350 

1214 

1102 

1009 

930 

863 

804 

753 

708 

668 

632 

599 


.95 

11506 

5748 

3829 

2870 

2294 

1910 

1636 

1430 

1270 

1142 

1038 

950 

876 

813 

758 

710 

668 

630 

597 

566 


.90 

11093 

5543 

3693 

2768 

2213 

1843 

1579 

1381 

1226 

1103 

1002 

918 

847 

786 

733 

687 

646 

610 

577 

548 


.85 

10824 

5409 

3604 

2702 

2161 

1800 

1542 

1348 

1198 

1078 

979 

897 

828 

768 

717 

671 

632 

596 

564 

536 


.80 

10613 

5305 

3535 

2650 

2119 

1765 

1513 

1323 

1176 

1058 

961 

881 

813 

754 

704 

659 

620 

586 

555 

527 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Number 

of  failures  »  98 

Reliability 

Confidence  Level 

.99 

.95 

.90 

.85 

.80 

.99 

12375 

11614 

11199 

10929 

10717 

.98 

6181 

5803 

5596 

5462 

5357 

.97 

4116 

3865 

3729 

3639 

3570 

.96 

3083 

2897 

2795 

2728 

2676 

.95 

2464 

2315 

2234 

2182 

2140 

.94 

2051 

1928 

1861 

1817 

1783 

.93 

1756 

1651 

1594 

1557 

1528 

.92 

1534 

1444 

1394 

1361 

1336 

.91 

1362 

1282 

1238 

1210 

1187 

.90 

1225 

1153 

1114 

1088 

1068 

.89 

1112 

1047 

1J12 

989 

971 

.88 

1018 

959 

927 

906 

889 

.87 

939 

885 

855 

836 

821 

.86 

871 

821 

793 

776 

762 

.85 

812 

765 

740 

724 

711 

.84 

760 

717 

693 

678 

666 

.83 

714 

674 

652 

638 

626 

.82 

674 

636 

616 

602 

591 

.81 

638 

602 

583 

570 

560 

.80 

605 

572 

553 

541 

532 

Number 

of  failures  -  99 

Confidence  Level 

.99 

.95 

.90 

.85 

.80 

.99 

12487 

11722 

11306 

11034 

10822 

.98 

6236 

5857 

5649 

5514 

5409 

.97 

4153 

3901 

3764 

3674 

3604 

.96 

3111 

2924 

2821 

2755 

2702 

.95 

2486 

2337 

2256 

2203 

2161 

.94 

2069 

1946 

1879 

1835 

1800 

.93 

1772 

1667 

J  609 

1572 

1542 

.92 

1548 

1457 

1407 

1375 

1349 

.91 

1375 

1294 

1250 

1221 

1199 

.90 

1236 

1164 

1124 

1099 

1078 

.89 

1122 

1057 

1021 

998 

980 

.88 

1027 

968 

936 

915 

898 

.87 

947 

893 

863 

844 

829 

.86 

878 

829 

801 

783 

769 

.85 

819 

773 

747 

731 

717 

.  84 

767 

724 

700 

685 

672 

.83 

721 

681 

658 

644 

633 

.82 

680 

642 

621 

608 

597 

.81 

643 

608 

588 

576 

565 

.80 

610 

577 

559 

546 

537 
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TABU  B-18  continued 


RELIABILITY:  SUCCESS  -  FAILURE 


Number  of  failures  -  100 
Reliability 


Confidence  Level 


i 


! 


.99 

.99 

12598 

.98 

6292 

.97 

4’  90 

.96 

3139 

.95 

2508 

.94 

2088 

.93 

1788 

.92 

1562 

.91 

1387 

.90 

1247 

.89 

1132 

.88 

1037 

.37 

956 

.86 

886 

.85 

826 

.84 

774 

.83 

727 

.82 

686 

.81 

649 

.80 

616 

.95 

.90 

11831 

11412 

5911 

5703 

3937 

3799 

2951 

2848 

2359 

2277 

1964 

1896 

1682 

1624 

1471 

1420 

1306 

1262 

1175 

1135 

1067 

1031 

977 

945 

901 

871 

836 

809 

780 

754 

730 

707 

687 

665 

648 

627 

614 

594 

582 

564 

.85 

.80 

11139 

10926 

5567 

5461 

3710 

3639 

2781 

2728 

2224 

2182 

1852 

1817 

1587 

1557 

1388 

1362 

1233 

1210 

1109 

1089 

1008 

989 

923 

907 

852 

837 

791 

776 

737 

724 

691 

679 

650 

639 

614 

603 

581 

571 

552 

542 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


MTP  3-1-005 
1  March  1972 


Confidence 


Reliability 


99 

138 

98 

69 

97 

46 

96 

34 

95 

28 

94 

23 

93 

20 

92 

17 

91 

15 

90 

14 

89 

12 

88 

11 

87 

10 

86 

10 

85 

9 

84 

8 

83 

8 

82 

7 

81 

7 

80 

7 

99 

98 

97 

96 

95 

94 

93 

92 

91 

90 

89 

88 

8? 

86 

85 

84 

83 

82 

81 

80 


-  .75 

Failures 

12  3  4 


269 

392 

510 

627 

134 

196 

255 

313 

89 

130 

170 

209 

67 

98 

127 

156 

53 

78 

102 

125 

45 

65 

85 

104 

38 

56 

72 

89 

33 

49 

63 

78 

30 

43 

56 

69 

27 

39 

51 

62 

24 

35 

46 

56 

22 

32 

42 

52 

20 

30 

39 

48 

19 

28 

36 

44 

18 

26 

33 

41 

16 

24 

31 

39 

15 

23 

29 

36 

15 

21 

28 

34 

14 

20 

26 

32 

13 

19 

25 

31 

11 

12 

13 

14 

1411 

1521 

1630 

1739 

750 

760 

814 

869 

470 

506 

543 

579 

35  2 

379 

407 

434 

281 

303 

325 

347 

234 

252 

271 

289 

201 

216 

232 

247 

175 

189 

203 

216 

156 

168 

180 

192 

140 

151 

162 

173 

127 

137 

147 

157 

117 

126 

135 

144 

108 

116 

124 

133 

100 

108 

115 

123 

93 

100 

108 

116 

87 

94 

101 

107 

82 

88 

95 

101 

77 

83 

89 

95 

73 

79 

85 

90 

69 

75 

80 

86 

5  6  7 


742 

855 

968 

370 

427 

483 

247 

284 

322 

185 

213 

241 

148 

170 

193 

123 

142 

161 

105 

121 

137 

92 

106 

120 

82 

94 

107 

73 

85 

96 

67 

77 

87 

61 

71 

80 

56 

65 

74 

52 

60 

68 

49 

56 

64 

46 

53 

60 

43 

50 

56 

40 

47 

53 

38 

44 

50 

36 

42 

48 

15 

16 

17 

1847 

1956 

2064 

923 

977 

1031 

615 

651 

687 

461 

488 

515 

368 

390 

412 

307 

325 

343 

263 

278 

294 

230 

243 

257 

204 

216 

228 

184 

194 

205 

167 

177 

186 

153 

162 

171 

141 

149 

157 

131 

138 

146 

122 

129 

136 

114 

121 

128 

107 

114 

120 

101 

107 

113 

96 

102 

107 

91 

96 

102 

8 

9 

10 

1079 

1190 

1301 

539 

595 

650 

359 

396 

433 

269 

297 

324 

215 

237 

259 

179 

198 

216 

153 

169 

185 

134 

148 

162 

119 

131 

144 

107 

118 

129 

97 

1C7 

117 

89 

98 

107 

82 

91 

99 

76 

84 

92 

71 

78 

86 

67 

73 

80 

63 

69 

76 

59 

65 

71 

56 

62 

67 

53 

59 

64 

18 

19 

20 

2172 

2279 

2387 

1085 

1139 

1193 

723 

759 

795 

542 

569 

596 

433 

455 

476 

361 

379 

397 

309 

324 

340 

270 

284 

297 

240 

252 

264 

216 

227 

237 

196 

206 

216 

180 

189 

198 

166 

174 

182 

154 

161 

169 

143 

151 

158 

134 

141 

148 

126 

133 

139 

119 

125 

131 

113 

119 

124 

107 

113 

118 
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TABLE  B-18  continued 
RELIABILITY:  SUCCESS  -  FAILURE 


Confidence  Level  -  .75 

Failures 

21  22 

Reliability 

23  24  25 

26 

27 

28  29  30 


99 

98 

97 

96 

95 

94 

93 

92 

91 

90 

89 

88 

87 

86 

85 

84 

83 

82 

31 

80 


2494 

2601 

2708 

2815 

1246 

1300 

1353 

1407 

830 

866 

902 

937 

622 

649 

676 

703 

498 

519 

540 

562 

414 

432 

450 

468 

355 

370 

386 

401 

310 

324 

337 

350 

276 

288 

300 

311 

248 

259 

269 

280 

225 

235 

245 

254 

206 

215 

224 

233 

190 

199 

207 

215 

177 

184 

192 

200 

165 

172 

1/9 

186 

154 

161 

16C 

174 

145 

152 

158 

164 

137 

143 

149 

155 

130 

135 

141 

147 

123 

129 

134 

139 

2922 

3028 

3135 

1460 

1513 

1567 

973 

1008 

1044 

729 

756 

782 

583 

604 

626 

486 

503 

521 

416 

431 

446 

364 

377 

390 

323 

335 

347 

291 

301 

312 

264 

274 

283 

242 

251 

260 

223 

231 

240 

207 

215 

222 

193 

200 

207 

181 

188 

194 

170 

177 

183 

161 

167 

172 

152 

158 

163 

144 

150 

155 

3241 

3347 

3453 

1620 

1673 

1726 

1079 

1115 

1150 

809 

836 

862 

647 

668 

689 

539 

556 

574 

462 

477 

492 

404 

417 

430 

359 

370 

382 

323 

333 

344 

293 

303 

312 

268 

277 

286 

248 

255 

264 

230 

237 

245 

214 

221 

228 

201 

207 

214 

189 

195 

201 

178 

184 

190 

169 

174 

180 

160 

166 

171 

99 

98 

97 

96 

95 

94 

93 

92 

91 

90 

89 

88 

87 

86 

85 

84 

83 

82 

81 

80 


31  32  33  34 


35  36  37 


38  39  40 


3559 

3665 

3771 

1779 

1832 

1885 

1185 

1221 

1256 

888 

915 

941 

710 

732 

753 

592 

609 

627 

507 

522 

537 

443 

457 

470 

394 

406 

417 

354 

365 

375 

322 

331 

341 

295 

304 

312 

272 

280 

288 

252 

260 

268 

236 

243 

250 

221 

727 

234 

208 

214 

220 

196 

202 

208 

186 

191 

197 

176 

181 

187 

3877 

3983 

4088 

4194 

4299 

4404 

4510 

1938 

1990 

2043 

2096 

2149 

2201 

2254 

1291 

1326 

1361 

1397 

1432 

1467 

1502 

968 

994 

1021 

1047 

1073 

1100 

1126 

774 

795 

816 

837 

838 

879 

900 

645 

662 

680 

697 

715 

732 

750 

552 

567 

582 

597 

612 

627 

642 

483 

496 

509 

522 

536 

549 

562 

429 

441 

452 

464 

476 

488 

499 

386 

396 

407 

418 

428 

439 

449 

351 

360 

370 

379 

389 

398 

408 

321 

330 

339 

348 

356 

365 

374 

296 

305 

313 

321 

329 

337 

345 

275 

283 

290 

298 

305 

313 

320 

257 

264 

271 

278 

285 

292 

299 

240 

247 

254 

260 

267 

273 

280 

226 

232 

239 

245 

251 

257 

263 

213 

219 

225 

231 

237 

243 

248 

202 

208 

213 

219 

224 

230 

235 

192 

197 

202 

208 

213 

218 

223 
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TABLE  B-19 
SEQUENTIAL  TEST 

a  »  In  (i-1)  and  b  ■  In  £■.—  ■) 
a  1-a 

The  upper  number  in  each  cell  represents  a,  Che  lower  number,  b. 


a 


.001 

.01 

.025 

.05 

.10 

.15 

.20 

.25 

.001 

6.907 

-6.907 

4.604 

-6.898 

3.688 

-6.882 

2.995 

-6.882 

2.302 

-6.802 

1.896 

-6.745 

1.608 

-6.685 

1.385 

-6.620 

.01 

6.898 

-4.604 

4.595 

-4.595 

3.679 

-4.580 

2.986 

-4.554 

2.293 

-4.500 

1.887 

-4.443 

1.599 

-4.382 

1.376 

-4.317 

.05 

6.856 

-2.995 

4.554 

-2.986 

3.638 

-2.970 

2.944 

-2.944 

2.251 

-2.890 

1.846 

-2.833 

1.558 

-2.773 

1.335 

-2.708 

.10 

6.802 

-2.302 

4.500 

-2.292 

3.583 

-2.277 

2.890 

-2.251 

2.197 

-2.197 

1.792 

-2.14 

1.504 

-2.079 

1.281 

-2.015 

.20 

6.685 

-1.608 

4.382 

-1.599 

3.466 

-1.584 

2.773 

-1.558 

2.079 

-1.504 

1.674 

-1.447 

1.386 

-1.386 

1.163 

-1.322 

.25 

6.620 

-1.385 

4.317 

-1.376 

3.401 

-1.361 

2.708 

-1.335 

2.015 

-1.281 

1.609 

-1.224 

1.322 

-1.163 

1.099 

-1.099 

.30 

6.551 

-1.203 

4.248 

-1.194 

3.332 

-1.179 

2.639 

-1.153 

1.946 

-1.099 

1.540 

-1.041 

1.253 

-.981 

1.030 

-.916 

.40 

6.397 

-.915 

4.094 

-.906 

3.178 

-.891 

2.485 

-.865 

1.792 

-.811 

1.386 

-.754 

1.099 

-.693 

.875 

-.629 
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TABLE  B-20 


FACTORS  FOR  DETERMINING  LOWER  CONFIDENCE  LIMIT 
FOR  THE  EXPONENTIAL  MEAN  LIFE 


d.f. 

.75 

.80 

.90 

.95 

.975 

.99 

1 

.722022 

.621118 

.433839 

.333890 

.271003 

.217155 

2 

.742115 

.667780 

.514139 

.421496 

.360360 

.300752 

3 

.765306 

.700935 

.566038 

.476190 

.416667 

.357143 

4 

.784314 

.727273 

.597015 

.516129 

.457143 

.398010 

5 

.800000 

.746269 

.625000 

.546448 

.487805 

.431034 

6 

.810811 

.759494 

.648649 

.571429 

.515021 

.458015 

7 

.818713 

.769231 

.663507 

.590717 

.536398 

.481010 

8 

.824742 

.780488 

.680851 

.608365 

.555556 

.500000 

9 

.833333 

.789474 

.692308 

.622837 

.571429 

.517241 

10 

.840336 

. 800000 

.704225 

.636943 

.584795 

.531915 

11 

.846154 

.805861 

.714286 

.648968 

.597826 

.545906 

12 

.851064 

.810811 

.722892 

.659341 

.609137 

.558140 

13 

.855263 

.817610 

.730337 

.668380 

.620525 

.570175 

14 

.858896 

.823529 

.738786 

.677966 

.629213 

.579710 

15 

.862069 

.826446 

.744417 

.684932 

.638298 

.589391 

16 

.864865 

.831169 

.751174 

.692641 

.  646465 

.598131 

17 

.867347 

.835381 

.757238 

.699588 

.653846 

.606061 

18 

.871671 

.839161 

.762712 

.705882 

.661765 

.614334 

19 

.873563 

.842572 

.767677 

.711610 

.667838 

.620915 

20 

.877193 

.845666 

.772201 

.716846 

.674536 

.627943 

21 

.878661 

.848485 

.776340 

.722892 

.679612 

.634441 

22 

.881764 

.852713 

.780142 

.727273 

.685358 

.640466 

23 

.882917 

.885019 

.784983 

.732484 

.690691 

.646067 

24 

.885609 

.857143 

.788177 

.736196 

.695652 

.651289 

25 

.888099 

.859107 

.791139 

.740741 

.700280 

.656168 

26 

.888889 

.862355 

.795107 

.744986 

.704607 

.661578 

27 

.891089 

.860000 

.797637 

.747922 

.708661 

.665845 

28 

.893142 

.865533 

.801144 

.751678 

.712468 

.670659 

29 

.893683 

.868263 

.803324 

.755208 

.716934 

.674419 

30 

.895522 

'  .869565 

.806452 

.758534 

.720288 

.678733 

Multiply  factors 

of  this  table  by  estimated  mean 

time  between 

failures 

lower 

confidence 

limits. 

For  f  > 

30:  lower 

factor  = 

2f 

Xa,  2f 
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TABLE  B-21 

FACTORS  FOR  DETERMINING  UPPER  CONFIDENCE  LIMIT 
FOR  THE  EXPONENTIAL  MEAN  LIFE 


d.f. 

.75 

.80 

.90 

.95 

.975 

.99 

1 

3.478261 

4.484305 

9.478673 

19.417476 

39.525692 

99.502488 

2 

2.083333 

2.424242 

3.773585 

5.625879 

8.264463 

13.468013 

3 

1.739130 

1.954397 

2.727273 

3.658537 

4.838710 

6.880734 

4 

1.577909 

1.742519 

2.292264 

2.930403 

3.669725 

4.848485 

5 

1.483680 

1.618123 

2.053388 

2.538071 

3.076923 

3.906250 

6 

1.421801 

1.536492 

1.904762 

2.294455 

2.727273 

3.361344 

7 

1.372549 

1.478353 

1.797176 

2.130898 

2.486679 

3.004292 

8 

1.344538 

1.428571 

1.718582 

2.010050 

2.315485 

2.753873 

9 

1.313869 

1.395349 

1.651376 

1.916933 

2.187120 

2.567760 

10 

1.290323 

1.369863 

1.612903 

1.834862 

2.085506 

2.421308 

11 

1.279070 

1.349693 

1.571429 

1.788618 

2.000000 

2.306080 

12 

1.263158 

1.325967 

1.528662 

1.379130 

1.935484 

2.201835 

13 

1.250000 

1.313131 

1.502890 

1.688312 

1.884058 

2.131148 

14 

1.233480 

1.296296 

1.481481 

1.656805 

1.830065 

2.058824 

15 

1.224490 

1.282051 

1.456311 

1.621622 

1.785714 

2.000000 

16 

1.212121 

1.274900 

1.434978 

1.592040 

1.748634 

1.951220 

17 

1.205674 

1.263940 

1.416667 

1.566820 

1.717172 

1.910112 

18 

1.200000 

1.254355 

1.406250 

1.545064 

1.690141 

1.875000 

19 

1.191225 

1.245902 

1.391941 

1.526104 

1.679389 

1.835749 

20 

1.186944 

1.238390 

1.374570 

1.509434 

1.639344 

1.801802 

21 

1.179775 

1.228070 

1.363636 

1.494662 

1.615385 

1.772152 

22 

1.176471 

1.222222 

1.353846 

1.476510 

1.594203 

1.752988 

23 

1.170483 

1.216931 

1.345029 

1.464968 

1.575342 

1.722846 

24 

1.167883 

1.212121 

1.337047 

1.450151 

1.558442 

1.702128 

25 

1.162791 

1.207729 

1.326260 

1.436782 

1.543210 

1.683502 

26 

1.158129 

1.200924 

1.319797 

1.428571 

1.529412 

1.666667 

27 

1.156317 

1.197339 

1.310680 

1.417323 

1.516854 

1.646341 

28 

1.152263 

1.191489 

1.305361 

1.407035 

1.505376 

1.632653 

29 

1.148515 

1.188524 

1.297539 

1.397590 

1.494845 

1.615599 

30 

1.145038 

1.185771 

1.290323 

1.388889 

1.481481 

1.600000 

Multiply  factors  of  this  table  by  estimated  mean  time  between  failures  for 
the  upper  confidence  limit. 


For  f  >  30:  upper  factor 


2f 

Y2 

Xl~3,2f 
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TABLE  B-22 


EXPONENTIAL  FUNCTION:  e 


X 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

.00 

1.0000 

.9990 

.9980 

.9970 

.9960 

.9950 

.9940 

.9930 

.9920 

.9910 

.01 

.9900 

.9890 

.9980 

.9870 

.9860 

.9851 

.9841 

.9831 

.9821 

.9811 

.02 

.9802 

.9792 

.9782 

.9773 

.9763 

.9753 

.9743 

.9734 

.9724 

.9714 

.03 

.9704 

.9695 

.9685 

.9675 

.9665 

.9656 

.9646 

.9637 

.9627 

.9618 

.04 

.9608 

.9598 

.9589 

.9579 

.9570 

.9560 

.9550 

.9541 

.9531 

.9522 

.05 

.9512 

.9503 

.9493 

.9484 

.9474 

.9465 

.9455 

.9446 

.9436 

.9427 

.06 

.9418 

.9408 

.9399 

.9389 

.9380 

.9371 

.9361 

.9352 

.9343 

.9333 

.07 

.9324 

.9315 

.9305 

.9296 

.9287 

.9277 

.9268 

.9259 

.9250 

.9240 

.08 

.9231 

.9222 

.9213 

.9204 

.9194 

.9185 

.9176 

.9167 

.9158 

.9148 

.09 

.9139 

.9130 

.9121 

.9112 

.9103 

.9094 

.9085 

.9076 

.9066 

.9057 

.10 

.9048 

.9039 

.9030 

.9021 

.9012 

.9003 

.8994 

.8985 

.8976 

.8967 

.11 

.8958 

.8949 

.8940 

.8932 

.8923 

.8914 

.8905 

.8896 

.8887 

.8878 

.12 

.8869 

.8860 

.8851 

.8343 

.8834 

.8825 

.8816 

.8807 

.8799 

.8790 

.13 

.8781 

.8772 

.8763 

.8755 

.8746 

.8737 

.8728 

.8720 

.8711 

.8702 

.14 

.8694 

.8685 

.8676 

•  8668 

.8659 

.8650 

.8642 

.8633 

.8624 

.8616 

.15 

.8607 

.8598 

.8590 

.8581 

.8573 

.8564 

.8556 

.8547 

.8538 

.8530 

.16 

.8521 

.8513 

.8504 

.8496 

.8487 

.8479 

.8470 

.8462 

.8454 

.8445 

.17 

.8437 

.8428 

.8420 

.8411 

.8403 

.8395 

.8386 

.8378 

.8369 

.8361 

.18 

.8353 

.8344 

.8336 

.8328 

.8319 

.8311 

.8303 

.8294 

.8286 

.8278 

.19 

.8270 

.8261 

.3253 

.8245 

.8237 

.8228 

.8220 

.8212 

.8204 

.8195 

.20 

.8187 

.8179 

.8171 

.8163 

.8155 

.8146 

.8138 

.8130 

.8122 

.8114 

.21 

.8106 

.3098 

.8090 

.8082 

.8073 

.8065 

.8057 

.8049 

.8041 

.8033 

.22 

.8025 

.8017 

.8009 

.8001 

.7993 

.7985 

.7977 

.7969 

.7961 

.7953 

.23 

.7945 

.7937 

.7929 

.7922 

.7914 

.7906 

.7898 

.7890 

.7882 

.7874 

.24 

.7866 

.7858 

.7851 

.7843 

.7835 

.7827 

.7819 

.7811 

.7804 

.7796 

.25 

.7788 

.7780 

.7772 

.7765 

.7757 

.7749 

.7741 

.7734 

.7726 

.7718 

.26 

.7711 

.7703 

.7695 

.7687 

.7680 

.7672 

.7664 

.7657 

.7649 

.7641 

.27 

.7634 

.7626 

.7619 

.7611 

.7603 

.7596 

.7588 

.7581 

.7573 

.7565 

.28 

.7558 

.7550 

.7543 

.7535 

.7528 

.7520 

.7513 

.7505 

.7498 

.7490 

29 

.7483 

.7475 

.7468 

.7460 

.7453 

.7445 

.7438 

.7430 

.7423 

.7416 

.30 

.7408 

.7401 

.7393 

.7386 

.7379 

.7371 

.7364 

.7357 

.7349 

.7342 

.31 

.7334 

.7327 

.7320 

.7312 

.7305 

.7298 

.7291 

.7283 

.7276 

.7269 

.32 

.7261 

.7254 

.7247 

.7240 

.7233 

.7225 

.7218 

.7211 

.7204 

.7196 

.33 

.7189 

.7182 

.7175 

.7168 

.7161 

.7153 

.7146 

.7139 

.7132 

.7125 

.34 

.7118 

.7111 

.7103 

.7096 

.7096 

.7089 

.7082 

.7075 

.7068 

.7054 

.35 

.7047 

.7040 

.7033 

.7026 

.7019 

.7012 

.7005 

.  6998 

.6991 

.6983 

.36 

.6977 

.6970 

.6963 

.6956 

.6949 

.6942 

.6935 

.6928 

.6921 

.6914 

.37 

.6907 

.6900 

.6994 

.6387 

.6880 

.6873 

.6866 

.6859 

.6852 

.6845 

.’8 

.6839 

.6832 

.6825 

.6818 

.6811 

.6805 

.6798 

.6791 

.6784 

.6777 

.39 

.6771 

.6764 

.6757 

.6750 

.6744 

.6737 

.6730 

.6723 

.6717 

.6710 
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TABLE  B-22  continued 


EXPONENTIAL  FUNCTION:  e' 


X 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

.40 

.6703 

.6697 

.6690 

.6683 

.6676 

.6670 

.6663 

.6656 

.6650 

.6643 

.41 

.6637 

.6630 

.6623 

.6617 

.6610 

.6603 

.6597 

.6590 

.6584 

.6577 

.42 

.6570 

.6564 

.6557 

.6551 

.6544 

.6538 

.6531 

.6525 

.6518 

.6512 

.43 

.6505 

.6499 

.6492 

.6486 

.6479 

.6473 

.6466 

.6460 

.6453 

.6447 

.44 

.  6440 

.6434 

.6427 

.6421 

.6415 

.6408 

.6402 

.0395 

.6389 

.6383 

.45 

.6376 

.6370 

.6364 

.6357 

.6351 

.6344 

.6338 

.6332 

.6325 

.6319 

.46 

.6313 

.6307 

.  630C 

.6294 

.6288 

.6281 

.6275 

.6269 

.6263 

.6256 

.47 

.6250 

.6244 

.6238 

.6231 

.6225 

.6219 

.6213 

.6206 

.6200 

.6194 

.48 

.6188 

.6182 

.6175 

.6169 

.6163 

.6157 

.6151 

.6145 

.6139 

.6132 

.49 

.6126 

.6120 

.6114 

.6108 

.6102 

.6096 

.6090 

.6084 

.6077 

.6071 

.50 

.6065 

.6059 

.6053 

.6047 

.6041 

.6035 

.6029 

.6023 

.6017 

.6011 

.  51 

.6005 

.5999 

.5993 

.5987 

.5981 

.5975 

.5969 

.5963 

.5957 

.5951 

.52 

.5945 

.5939 

.5933 

.5927 

.5921 

.5916 

.5910 

.5904 

.5898 

.5892 

.53 

.5886 

.5380 

.5874 

.5868 

.5863 

.5857 

.5851 

.5645 

.5839 

.5833 

.54 

.5827 

.5822 

.5816 

.5810 

.5804 

.5798 

.5793 

.5787 

.5781 

.5775 

.55 

.5769 

.5764 

.5758 

.5752 

.5746 

.5741 

.5735 

.5729 

.5724 

.5718 

.  56 

.5712 

.5706 

.5701 

.5695 

.5689 

.5684 

.5678 

.5672 

.5667 

.5661 

.57 

.  5655 

.5650 

.5644 

.5638 

.5633 

.5627 

.5621 

.5616 

.5610 

.5606 

.58 

.5599 

.5593 

.5588 

.5582 

.5577 

.5571 

.5565 

.5560 

.5554 

.5549 

.59 

.  5543 

.5538 

.5532 

.5527 

.5521 

.5516 

.5510 

.5505 

.5499 

.5494 

.60 

.5438 

.5483 

.5477 

.5472 

.5466 

.5461 

.5455 

.5450 

.5444 

.5439 

.61 

.  5434 

.5428 

.5423 

.5417 

.5412 

.5406 

.5401 

.5396 

.5390 

.5385 

.62 

.5379 

,5374 

.3369 

.5363 

.5358 

.  5353 

.5347 

.5342 

.5337 

.5331 

.63 

.5326 

.5321 

.5315 

.5310 

.5305 

.5299 

.5294 

.5289 

.5283 

.5278 

.  64 

.5273 

.5268 

-5262 

.5257 

.5252 

.5247 

.5241 

.5236 

.5231 

.5226 

.65 

.5220 

.5215 

.5210 

.5205 

.5200 

.5194 

.5189 

.5184 

.5179 

.5174 

.  66 

.5169 

.5163 

.5158 

.5153 

.5148 

.5143 

.5138 

.5132 

.5127 

.5122 

.67 

.5117 

.5112 

.5107 

.5102 

.5097 

.5092 

.5086 

.5081 

.5076 

.5071 

.68 

.  5066 

.5061 

.5056 

.5051 

.5046 

.5041 

.5036 

.5031 

.5026 

.5021 

.69 

.  5016 

.5011 

.5006 

.5001 

.4996 

.4991 

.4986 

.4981 

.4976 

.4971 

.70 

.4966 

.4961 

.4956 

.4951 

.4946 

.4941 

.4936 

.4931 

.4926 

.4921 

.71 

.4916 

.4912 

.4907 

.4902 

.4897 

.4892 

.4887 

.4882 

.4877 

.4872 

.72 

.  4868 

.4863 

.4858 

.4853 

.4848 

.4843 

.4838 

.4834 

.4829 

.4824 

.73 

.4819 

.4314 

.4809 

.4805 

.4800 

.4795 

.4790 

.4785 

.4781 

.4776 

.  74 

.4771 

.4766 

.4762 

.4757 

.4752 

.4747 

.4743 

.4738 

.4733 

.4728 

.75 

.4724 

.4719 

.4714 

.4710 

.4705 

.4700 

.1*665 

.4691 

.4686 

.4681 

.  76 

.4677 

.4672 

.4667 

.4663 

.4658 

.<*652 

.4649 

.4644 

.4639 

.4635 

.  77 

.4630 

.  4626 

.4621 

.4616 

.4612 

.4607 

.4602 

.4599 

.4593 

.4589 

.  78 

.4584 

.4579 

.4575 

.4570 

.4566 

.4561 

.4557 

.4552 

.4548 

.4543 

.  79 

.4538 

.4534 

.4529 

.4525 

.4520 

.4516 

.4511 

.4507 

.4502 

.4498 
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TABLE  B-22  continued 
EXPONENTIAL  FUNCTION:  e' 


X 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

80 

.4493 

.4489 

.4484 

.4480 

.4475 

.4471 

.4466 

.4462 

.4457 

.4453 

.81 

.4449 

.4444 

.4440 

.4435 

.4431 

.4426 

.4422 

.4418 

.4413 

.4409 

.82 

.4404 

.4300 

.4396 

.4391 

.4337 

.4382 

.4378 

.4374 

.4369 

.4365 

.83 

.4360 

.4356 

.4352 

.4347 

.4343 

.4339 

.4334 

.4330 

.4326 

.4321 

.84 

.4317 

.4313 

.4308 

.4304 

.4300 

.4296 

.4291 

.4287 

.4283 

.4278 

.85 

.4274 

.4270 

.4266 

.4261 

.4257 

.4253 

.4249 

.4244 

.4240 

.4236 

.86 

.4232 

.4227 

.4223 

.4219 

.4215 

.4211 

.4206 

.4202 

.4198 

.4194 

.87 

.4190 

.4185 

.4181 

.4177 

.4173 

.4167 

.4164 

.4160 

.4156 

.4152 

.88 

.4148 

.4144 

.4140 

.4135 

.4131 

.4127 

.4123 

.4119 

.4115 

.4111 

.89 

.4107 

.4102 

.4098 

.4094 

.4090 

.4086 

.4082 

.4078 

.4074 

.4070 

.90 

.4066 

.4062 

.4058 

.4054 

.4049 

.4045 

.4041 

.4037 

.4033 

.4029 

.91 

.4025 

.4021 

.4017 

.4013 

.4009 

.4005 

.4001 

.3997 

.3993 

.3989 

.92 

.3985 

.3981 

.3977 

.3973 

.3969 

.3965 

.3961 

.3957 

.3953 

.3949 

.93 

.3946 

.3942 

.3938 

.3934 

.3930 

.3926 

.3922 

.3918 

.3914 

.3910 

.94 

.3906 

.3902 

.3898 

.3894 

.3891 

.3887 

.3883 

.3879 

.3875 

.3871 

.95 

.3867 

.3864 

.3860 

.3856 

.3852 

.3848 

.3844 

.3840 

.3837 

.3833 

.96 

.3829 

.3825 

.3821 

.3817 

.3814 

.3810 

.3806 

.3802 

.3798 

.3795 

.97 

.3791 

.3787 

.3783 

.3779 

.3776 

.3772 

.3768 

.3764 

.3761 

.3757 

.98 

,3753 

.3749 

.3746 

.3742 

.3738 

.3734 

.3731 

.3727 

.3723 

.3719 

.99 

.3716 

.3712 

.3708 

.3705 

.3701 

.3697 

.3694 

.3690 

.3686 

.3682 

1 

2 

3 

4 

X 

5 

6 

7 

8 

9 

.3679 

.1353 

.0493 

.0183 

.0067 

.0025 

.0009 

.0003 

.0001 

NOTE: 

To  obtain 

values 

for  e”x 

in  which 

x  is  greater  than  one 

and  not  a 

whole 

number,  multiply  the  whole  number  value  of  e  by  the  fractional  value 
of  e. 

Example : 


-1.213 

e 


(e  h(e  -213) 
(.3679).  (.8082) 
.29733678 
.297 
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TABLE  B-23 
TREND  TEST 

TABLE  OF  PEPCENTAGE  POINTS  FOR  S* 

S2 


N 

.99 

.95 

4 

.3128 

.3902 

5 

.2690 

.4102 

6 

.2808 

.4452 

7 

.3070 

.4680 

8 

.3314 

.4912 

9 

.3544 

.5122 

10 

.3759 

.5311 

11 

.3957 

.5483 

12 

.4140 

.5638 

13 

.4309 

.5779 

14 

.4466 

.5908 

15 

.4611 

.6027 

16 

.4746 

.6136 

17 

.4872 

.6237 

18 

.4989 

.6330 

19 

.5100 

.6417 

20 

.5203 

.6498 

21 

.5300 

.6574 

22 

.5392 

.6645 
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N 

TABLE  B-23  continued 

.99 

.95 

23 

.5479 

.6712 

24 

.5561 

.6776 

25 

.5639 

.6836 

26 

.5713 

.6893 

27 

.5784 

.6947 

28 

.5851 

.6997 

29 

.5915 

.7045 

30 

.5976 

.7091 

31 

.6034 

.7135 

32 

.6089 

.7177 

33 

.6142 

.7217 

34 

.6193 

.7256 

35 

.6242 

.7294 

36 

.6290 

.7330 

37 

.6337 

.7365 

38 

.6382 

.7399 

39 

.6425 

.7432 

40 

.6467 

.7463 

41 

.6508 

.  7493 

42 

.6548 

.7522 

43 

.6586 

.7550 

44 

.6623 

.7577 

45 

.6659 

.7603  '  ‘ 
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N 

TABLE  B-23  continued 

■  99 

.95 

46 

.6693 

.7628 

47 

.6726 

.7652 

48 

.6757 

.7675 

49 

.6787 

.7697 

50 

.6816 

.7718 
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M  -  Maintainability;  the  probability  that  an  item  will  be  retained  in  or 
restored  to  a  specified  condition  within  a  period  of  time,  when  the 
maintenance  is  performed  in  accordance  with  prescribed  procedures 
and  resources. 

MA  -  Total  number  of  maintenance  actions. 

MR  -  Maintenance  ratio;  amount  of  active  maintenance  time  per  hour. 

Mi  -  Mean  time  between  failures  (lower  confidence  limit). 

NOTE:  The  parameter  may  be  rounds  or  miles  instead  of  time. 

M2  -  Mean  time  between  failures  (upper  confidence  limit). 

MDT  -  Mean  downtime. 

M  -  Mean  active  maintenance  time;  total  maintenance  time  divided  by 
the  number  of  maintenance  actions. 

MPI  -  The  mean  point  of  impact;  the  mean  horizontal  coordinates  for 
ground  bursts. 

MTBF  -  Mean  time  between  failures. 

MTBFc  -  Meqn  time  between  failures  where  continued  testing  is  necessary. 

MTBM  -  Mean  time  between  maintenance. 

MTTR  -  Mean  time  to  repair. 

m  -  Miss  distance;  the  distance  between  the  aiming  point  and  MPI. 

MP  -  Mission  (operational)  profile,  generally  found  in  the  Requirements 
Document . 

u  -  Small  Greek  letter  mu  used  to  denote  the  population  mean. 

u,  -  Small  Greek  letter  mu  used  to  denote  the  population  mean  for  a 

Type  A  item. 

Ug  -  Small  Greek  letter  mu  used  to  denote  the  population  mean  for 
a  Type  B  item. 

u  -  Small  Greek  letter  mu  with  subscript  zero  used  to  denote  the 
required  mean  found  in  the  Requirements  Document  or  from  a 
comparable  item. 

N  -  Number  of  samples;  sample  size. 

Na  -  Number  of  samples  for  a  Type  A  item. 

N  -  Number  of  samples  for  a  Type  B  item. 

O 

N  -  Sample  size  required  to  test  the  criteria;  computed  before  testing 
starts. 

N  .  -  Used  when  computing  combined  system  reliability;  the  sample  size 

E  n  for  that  individual  component  of  a  system  which  is  tested  fewer 
times  than  the  other  components. 

0C  -  Operating-characteristic  curve  used  to  determine  required  sample 
size  for  testing  given  criteria. 
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(0 

IT 


P 

PE 


PE. 


PE. 


P 


P 

o 


POB 

q 


R 


*0 


-  Small  Greek  letter  omega  used  to  denote  allowable  maintenance  action 
time  as  prescribed  in  the  Requirements  Document. 

-  Capital  Greek  letter  pi  used  to  represent  the  product  of  items;  e.g., 

N 

n  x  »  (x  )(x  )  •  •  •  (x„) 

i«l  i  1  2  u 

-  The  probability  of  an  event  occurring.  (It  cannot  be  leas  than 
zero  or  greater  than  one.) 

-  Probable  error  to  which  necessary  subscripts  are  added  to  denote 
types  of  PE;  e.g.,  PE^  (range  probable  error),  PE^  (deflection  pro¬ 
bable  error),  or  PE„  (height  of  burst  probable  error);  a  deviation 
from  u  such  that  50?  of  the  observations  may  be  expected  to  lie 
between  p-PE  and  u+PE. 

-  Probable  error  for  a  Type  A  item  to  which  necessary  subscripts 
are  used  to  denote  types  of  PEA;  e.g.,  PE.  (range  probable  error 

for  a  Type  A  item) ,  PE^  (deflection  probable  error  for  a  Type  A 

item),  or  PE,  (height  of  burst  probable  error  for  a  Type  A  item). 

H 

-  Probable  error  for  a  Type  B  item  to  which  necessary  subscripts 
are  added  to  denote  types  of  PE_;  e.g.,  PE_  ,  PE„  ,  or  PE_  , 

B  h  BH 

-  Sample  Proportion;  the  ratio  of  the  items  possessing  a  given  char¬ 
acteristic  divided  the  sanrnle  size. 

-  Sample  Proportion  for  a  Type  A  item. 

-  Sample  Proportion  for  a  Type  B  item. 

-  The  required  maximum  proportion  of  defectives;  P  equals  X  ,  if 

\q  is  in  terms  of  defectives  or  PQ  equals  the  quantity  (1-Xq),  if 

X  is  in  terms  of  successes, 
o 

-  Upper  limit  for  the  proportion  of  defectives;  the  difference 

between  P  and  the  amount  of  doubt  (P„  -  P  -  D) . 
o  U  o 

-  The  mean  point  of  burst;  the  mean  coordinates  for  air  bursts. 

-  The  ratio  of  the  range  of  the  observations  to  the  standard  de¬ 
viation;  the  studentized  range  (q)  distribution. 

-  Reliability;  the  extent  to  which  a  test  yields  the  same  results 
on  repeated  trials. 

-  Small  Greek  letter  rho  used  to  denote  the  population  reliability. 

-  Small  Greek  letter  rho  with  subscript  zero  used  to  denote  the  re¬ 
quired  reliability  prescribed  in  the  Requirements  Document. 

-  Upper  limit  for  the  reliability;  the  sum  of  p  and  the  amount  of 

doubt  (Ry  ■  p  +  D).  ' 
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(2) 

(3) 

(A) 


Square  Che  difference  between  the  seen  end  reeding  i.e., 
(x-D2. 

Sun  the  squares;  i.e.,  E(x-X)2.  _ 

Average  the  sum  by  dividing  by  N;  i.e.,  I(x-X)2. 


N 


Find 


the  square  root  of  the  average;  i.e.,  s  ■ j^/z(x~X)2  . 


(The  square  root  is  used  to  compensate  for  the  fact 
Chat  the  deviations  were  squared.) 


c.  In  recent  years  there  has  bean  a  tendency  to  divide  by  N-l 
rather  than  by  N.  The  reason  for  this  is  that  if  s2  is  used  to  estimate  a 
population  variance  (o2) ,  the  mean  obtained  is  usually  too  small  and  biased 
if  N  is  the  divisor.  Therefore,  N-l  as  a  divisor  yields  a  truer  estimate 
of  the  population  variance.  Since  the  population  is  the  item  of  Interest 
rather  than  only  a  few  samples,  N-l  will  be  used  throughout  this  HI?  in 
computing  s2  or  s;  i.e. , 

,  ./USE 

V  N-l 

(sec*,  paragraph  7.1,  page  6A,  for  computatione) .  The  population  standard 
deviation  (o)  la  a  measure  of  Che  extent  to  which  a  population  characteristic 
varies  from  one  item  to  another. 


>  N0T2:  The  standard  deviation  may  also  be  computed  by  the 
following  formula: 


4.5.2  RANGE 


The  range  is  the  difference  between  Che  smallest  and  the  largest 
readings  in  the  sample.  The  range  multiplied  by  Che  appropriate  factor  from 
Table  B-l,  page  2-1,  approximates  0  for  a  small  sample  (N  a  10)  and  a  normal 
distribution  (paragraph  4.15.1,  page  15). 

4.5.3  MEAN  DEVIATION 


The  mean  deviation  of  a  normal  distribution  is  the  mean  of  the 
deviations  from  the  mean  or  median  of  the  N  sample  members.  The  deviations 
from  the  mean  (median)  is  the  absolute  value  of  the  mean  (median)  subtracted 
from  the  reading.  The  mean  deviation  multiplied  by  a  factor  from  Table  B-2, 
page  2-2,  approximates  a  for  a  small  sample  (N  a  10)  and  a  normal  distribution 
(see  paragraph  4.15.1,  page  15) . 

4,5.4  PROBABLE  ERROR  (RANGE.  DEFLECTION.  AND  HEIGHT  OF  BURST) 

The  probable  error  (PE)  is  a  measure  of  deviation  from  u  such 
that  50Z  of  the  observations  may  be  expected  to  lie  between  u-PE  and  u+PE. 
However,  certain  conditions  must  exist  for  the  PE  to  have  any  meaning.  These 
are  independent  (random)  samples,  normal  distribution,  and  large  sample  size. 
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PE  may  be  expressed  for  various  parameters,  range  (PEg) ,  deflection  (PEq)  , 
and  height  of  burst  (PEg).  For  the  population  probable  error  (t),  t  -  0.6745° 
and  a  ■  1.4826  r  .  Since  a  sample  is  being  examined  as  a  representative  of 

the  population,  PE  *  0.6745s  and  s  *  1.4826PE.  Firing  tables  and  other  data 
concerning  Field  Artillery  precision  contain  the  appropriate  PE's.  When 
testing  for  precision,  end  results  are  often  expressed  in  terms  other  than  PE. 
This  occurs  in  modern  day  testing  because  prototype  samples  are  not  random 
representations  of  production  line  items,  the  normal  distribution  is  not 
appropriate  in  many  cases,  and  small  sample  sizes  bias  the  PE.  The  more 
modern  standard  deviation  is  in  wider  use  as  a  measure  of  dispersion  than 
is  the  probable  error  because  s  is  commonly  computed  for  statistical 
analysis.  Due  to  the  freedom  to  use  small  or  large  sample  sizes,  the  wider 
applications  of  the  standard  deviation,  and  the  ease  of  calculation,  statistical 
tests  involving  standard  deviation  comparisons  are  more  widely  used  than 
those  involving  PE  comparisons. 

4.5.5  CIRCULAR  PROBABLE  ERROR 


The  circular  probable  error  (CPE  or  CEP)  is  a  measure  of 
deviation  from  y  and  defines  the  radius  of  the  circle  which  is  centered  at  the 
mean  and  in  which  502  of  the  observations  are  contained.  CPE  *  1.1774  times 
the  population  standard  deviation  for  the  easting  (og)  when  og  equals  the 
population  standard  deviation  for  the  northing  (ojj) .  When  og  i  a^,  the  CPE 
is  called  the  equivalent  CPE  and  equals  .5887  (ag-fo^).  In  terms  of  a  sample, 
the  equivalent  CPE  «  .5887  (sg+s,j).  However,  as  for  the  PE,  certain  conditions 
must  exist  for  the  CPE  to  have  any  meaning;  these  are  Independent  (random 
samples,  a  bivariate  normal  distribution,  and  a  large  sample  size.  Firing 
tables  and  other  data  concerning  Field  Artillery  precision  may  contain  the 
CPE.  When  testing  for  precision  end  results  are  often  expressed  in  terms 
other  than  CPE.  This  occurs  in  modern  day  testing  because  prototype  samples 
are  not  random  representations  of  production  line  items,  the  bivariate 
normal  distribution  is  not  appropriate,  and  small  sample  sizes  bias  the  CPE. 

The  bivariate  normal  distribution  is  a  representation  of  the  measure  of 
dispersion  for  two  variables  (see  paragraph  4.15.2,  page  15  and  paragraph 
9.2.4,  page  118). 

4.6  RELIABILITY 


a.  Reliability  is  the  probability  of  an  item  functioning 
adequately  for  the  period  of  time  intended  under  the  operating  conditions 
encountered.  Along  with  the  numerical  value  of  the  reliability,  a  fraction 
or  a  percent  value,  the  following  are  necessary: 

(1)  Define  precisely  a  success  or  satisfactory  performance. 

(2)  Specify  the  time  base  or  operating  cycles  over  which 
such  performance  is  to  be  sustained;  e.g.,  hours, 
miles,  or  rounds.  This  factor  is  particularly  important 
since  the  probability  value  is  based  on  completing  a 
mission  or  task.  For  example,  if  the  probability  of  a 
test  item  operating  for  50  hours  is  0.65  or  65%,  then 

on  the  average  65  times  out  of  100  trials  the  tesu 

item  would  be  functioning  after  a  50-hour  operating  period. 
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(3)  Specify  the  environment  or  use  conditions  which  will 
prevail.  Typical  of  these  conditions  are  temperature, 
humidity,  shock,  and  vibration.  Without  these  various 
conditions  the  reliability  definition  would  be  relatively 
meaningless. 

b.  Due  to  the  various  types  of  test  items  and  the  various 
distributions  which  apply,  reliability  may  be  evaluated  by  several  methods 
(see  paragraph  10,  page  113). 

4.7  TEST  OF  A  STATISTICAL  HYPOTHESIS 


The  investigator's  objective  can  often  be  translated  into  an 
hypothesis  (assumption  or  claim)  concerning  the  test  item.  This  hypothesis, 
called  the  null  hypothesis,  usually  states  that  the  test  item  does  not  meet 
the  stated  requirements.  This  explains  why  it  is  called  the  null  (not) 
hypothesis.  A  decision  is  made  to  acceptor  reject  the  null  hypothesis 
using  the  test  data  from  the  sample.  Failure  to  reject  the  null  hypothesis 
does  not  necessarily  mean  that  the  hypothesis  is  true  but  merely  indicates 
that  the  sample  is  compatible  with  the  kind  of  population  described  in  the 
null  hypothesis.  The  same  is  true  if  the  null  hypothesis  is  rejected;  the 
fact  is  merely  recognized  that  the  sample  is  not  compatible  with  the  kind 
of  population  described  in  the  null  hypothesis.  Associated  with  the  null 
hypothesis  are  two  types  of  errors  (paragraph  4.8,  page  10)  ,  and  a  signi¬ 
ficance  level  (paragraph  4.9,  page  10).  In  general,  to  test  a  null  hvpothesis 
and  construct  statistical  decision  criteria,  the  following  outline  is  used: 

a.  Formulate  the  null  hypothesis  so  that  it  states  that  the 
test  item  does  not  meet  the  stated  requirements.  The  null  hypothesis  is  a 
numeric  expression;  e.g.,  x  >  25. 

b.  Formulate  an  alternative  hypothesis  so  that  the  rejection 
of  the  null  hypothesis  is  equivalent  to  the  acceptance  of  the  alternative 
hypothesis.  The  alternative  hypothesis  is  also  a  numeric  expression  e.g., 

X  <  25. 

c.  Specify  the  probability  to  be  risked  as  a  Type  I  error. 

If  possible,  desired,  or  necessary,  also  make  some  specifications  about  the 
probability  of  a  Type  II  error  for  a  given  alternate  value  of  the  parameter 
concerned. 


d.  Use  the  appropriate  statistical  theory  (e.g.,  paragraphs 
6.2,  page  36 f  and  6.3,  page  45)  to  test  the  null  hypothesis. 

NOTE:  In  some  cases  when  the  null  hypothesis  has  been 

rejected,  a  reserve  judgment  decision  will  be  made 
instead  of  accepting  the  alternative  hypothesis; 

e.g.,  insufficient  sampling  to  produce  conclusive 
results. 
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4.8  TYPES  OF  ERROR 

4.8.1  TYPE  I  ERROR 

The  Type  I  error  is  rejection  of  the  null  hypothesis  when  it 
is  true.  The  risk  of  Type  I  error  is  the  level  of  significance  (a).  It  is 
the  more  important  of  the  two  error  types,  since  rejecting  an  item  when  in 
fact  it  is  good  is  better  economically  than  accepting  an  item  when  in  fact 
it  is  bad.  The  value  of  a  is  arbitrary  but  will  sometimes  be  found  in  the 
Requirements  Document.  In  the  event  the  significance  level  or  confidence 
level  (confidence  level  -  1  -  significance  level)  is  not  specified  in  the 
Requirements  Document,  a  -  .10  or  confidence  level  ■  .90  will  be  used. 

4.8.2  TYPE  II  ERROR 

The  Type  II  error  is  the  acceptance  of  the  null  hypothesis  when 
ic  is  false.  The  risk  of  a  Type  II  error  is  denoted  by  8.  The  value  of  8 
is  not  as  restricted  as  that  of  a.  In  the  event  a  and  8  are  highly  restricted, 
the  sample  size  must  be  very  large  to  reach  an  accppt  or  reject  decision. 

When  8  is  not  specified  in  the  Requirements  Document,  .20  will  be  used. 

4.9  LEVEL  OF  SIGNIFICANCE. 

a.  The  risk  of  making  a  Type  I  error  (a)  equals  the  level 
of  significance  of  the  test.  The  null  hypothesis  serves  as  an  origin  or 
base.  From  the  null  hypothesis  the  test  criterion  may  be  a  two-sided  test 
(two-tail  test)  or  a  one-sided  test  (one-tail  test).  The  two-sided  test 
involves  an  area  at  each  extreme  of  the  distribution  curve  (note  Figure  3A) ; 
e.g. ,  if  a  ■  .05  or  57.,  then  the  shaded  areas  in  Figure  3A  are  each  equal  to 
2.5%  of  the  total  area  under  the  curve.  The  one-sided  test  is  only  con¬ 
cerned  with  the  area  under  the  curve  at  one  extreme  (note  Figure  3B) ;  e.g., 
if  o  -  .05  or  5%,  then  the  shaded  area  in  Figure  3B  is  equal  to  5Z  of  the 
total  area  under  the  curve.  When  the  stated  requirement  is  in  the  shaded 
area,  the  null  hypothesis  is  accepted  which  means  that  the  item  Is  not 
acceptable. 

b.  In  general,  a  test  is  said  to  be  one-sided  or  two-sided 
(one-tailed  or  two-tailed)  depending  on  whether  a  is  concentrated  at  one 
end  of  the  curve  (left  or  right)  or  is  divided  into  two  areas  with  the 
areas  situated  at  opposite  ends  of  the  curve  (see  Figure  3). 

4.10  CONFIDENCE  INTERVAL.  LIMITS.  AND  LEVEL 

a.  When  estimating  a  population  measure,  such  as  y,  by  a 
sample  measure,  such  as  If,  u  has  a  value  somewhere  near  X.  How  near  u  is  to 
X  is  determined  by  an  interval  constructed  about  X;  and,  at  a  specified 
confidence  level,  n  lies  in  this  interval.  This  interval  is  called  the 
confidence  interval.  The  interval  between  the  shaded  areas  of  Figure  3A  is 
an  example  of  a  confidence  'interval  (see  paragraph  6. 1.2.1,  page  27). 

b.  The  end  points  of  the  confidence  interval  are  called  con¬ 
fidence  limits.  Thus,  there  exist  an  upper  confidence  limit  (UCL)  and 

a  lower  confidence  limit  (LCL)  \  The  LCL  and  UCL  are  shown  in  Figure  3A.  In 
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standard  Item  mean  has  been  used  In  some  of  the  Illustrated  cases  (see  para¬ 
graph  6.1.3,  page  33 ,  and  paragraph  6.2.3,  page  43).  This  is  considered 
appropriate  since  the  timing  and  recording  of  the  data  for  the  teats  may  be 
easily  controlled.  However  when  the  test  item  has  a  large  standard  deviation, 
an  error  as  great  as  five  percent  may  be  acceptable  in  order  to  keep  sample 
sizes  reasonable. 

4.15  PARTICULAR  DISTRIBUTIONS 

4.15.1  NORMAL  DISTRIBUTION 

a.  The  normal  distribution  is  by  far  the  most  important  con¬ 
tinuous  distribution  (see  pages  2  to  4) .  Due  to  the  laws  of  chance  repeated 
measurements  of  the  same  physical  quantity  occur  with  such  a  dispersion  that 
a  pattern  (distribution)  is  evident  and  can  be  closely  approximated  by  a 
certain  kind  of  continuous  distribution,  referred  to  as  the  "normal  curve 

of  errors."  The  graph  of  a  normal  distribution  is  a  bell-shaped  curve  that 
extends  indefinitely  in  both  directions  (see  Figure  6A). 

b.  The  mean  is  at  the  peak  of  the  distribution,  and  the  standard 
deviation  determines  the  spread  of  the  distribution.  The  physical  area  from 

a  to  b  under  two  normal  distributions  may  not  be  equal  (see  Figure  6B) .  Since 
construction  of  separate  tables  of  normal  curve  areas  for  each  conceivable 
pair  of  values  for  y  and  a  is  impractical,  areas  are  tabulated  only  for  the 
so-called  standard  normal  distribution  which  has  a  mean  of  zero  and  a  standard 
deviation  of  one.  The  conversion  of  a  normal  distribution  to  a  standard 
normal  distribution  is  accomplished  by  using  the  equation  Z  •  x~»  (see 
Figure  7A).  With  the  conversion  to  standard  units,  Table  B-3,  tfpage  2-3,  may 
be  used.  The  entries  in  this  table  are  the  areas  under  the  standard  normal 
distribution  between  the  mean  (Z  ■  0)  and  Z  ■  .01,  ...,  3.09.  The  negative 
values  of  Z  (areas  to  the  left  of  the  mean)  are  not  needed  by  virtue  of  the 
symmetry  of  a  normal  curve  about  its  mean;  e.g. ,  the  area  between  Z  *  -1.33 
and  Z  ■  0  is  the  same  as  the  area  between  Z  »  0  and  Z  *  1.33,  which  is  0.4082. 

In  the  event  the  percentage  of  area  under  the  curve  to  the  left  of  a  given 

value  of  Z  is  desired.  Table  B-3,  page  2-3  and  this  value  of  Z  are  used  to 
determine  the  percent  from  the  mean.  If  Z  is  positive,  the  percentage  of 
the  area  to  the  left  of  Z  equals  .50  plus  the  value  obtained  from  Table  B-3; 

e.g.,  if  Z  ■  .92  the  percent  of  area  is  .50  +  .3212  which  is  .8212  or  82.12Z 

of  the  area.  If  Z  is  negative,  the  percentage  of  the  area  to  the  left  of  Z 
equals  .50  minus  the  value  obtained  from  Table  B-3;  e.g.,  if  Z  ■  -.92,  the 
percent  of  area  is  .50  -  .3212  which  is  .1738  or  17.88Z  of  the  area. 

c.  The  percentage  of  area  between  two  Z  values  can  be  determined 
by  obtaining  Che  areas  for  the  Z  values  from  Table  B-3,  page  2-3,  and  either 
subtracting  the  smaller  area  from  the  larger  area  if  both  Z  values  are  on  the 
same  side  of  the  mean  or  adding  the  areas  if  the  Z  values  are  on  opposite 
sides  of  the  mean  (see  Figure  7B). 

4.15.2  BIVARIATE  NORMAL  DISTRIBUTION 

a.  A  bivariate  normal  distribution  is  a  population  in  which 
each  member  is  dependent  on  two  variables  (values);  e.g.,  easting  and  northing. 
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The  data  may  be  grouped  into  a  table  of  double  entry  shoving  the  frequencies 
of  pairs  of  values  lying  within  given  class  intervals.  Each  row  in  such  a 
table  gives  the  frequency  distribution  of  the  first  variable  for  the  members 
of  the  population  in  which  the  second  variable  lies  within  the  limits  stated 
on  the  left  of  the  row.  A  similar  statement  can  be  made  about  the  columns. 

A  grouped  frequency  distribution  of  the  type  in  Tables  A-la  and  A-lb,  page 
1-1  may  be  termed  a  bivariate  frequency  distribution. 

b.  The  shape  of  the  bivariate  normal  population  is  a  normal 
distribution  in  three  dimensions,  rising  to  its  greatest  height  at  the  center 
and  fading  sway  to  tangeney  (see  Figure  8).  Some  properties  of  the  bivariate 
normal  distribution  are: 


Frequency _  |  ■  | _ Frequency 
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often  stated  with  a  given  confidence  level.  The  theory  on  which  these  con¬ 
fidence  intervals  are  based  assumes  that  the  population  from  which  the  sample 
is  obtained  has  roughly  the  shape  of  a  normal  distribution  and  is  called  the 
chi-square  (x2)  distribution.  An  example  of  a  chi-square  distribution  is 
shown  in  Figure  12A;  in  contrast  to  the  normal  and  t  distribution,  its  domain 
is  restricted  to  the  nonnegative  real  numbers. 

b.  The  x2  distribution  is  also  different  from  those  previously 
dlscussesd  in  that  the  area  under  the  curve  is  summed  from  the  x2  point  to  the 
right.  The  value  for  x?-a  represents  an  area  of  a  under  the  curve  (right- 
hand  tail,  see  Figure  lzA) ,  while  x£  represents  an  area  of  l-a  to  the  right 
under  the  curve  (see  Figure  12B).  Due  to  the  shape  of  the  x2  curve  the  point 
values  of  X2a/2  and  x2-a/2  will  be  different  even  though  the  significance 
levels  are  equal  (see  Figure  12C).  This  distinction  is  important  due  to  the 
fact  the  distribution  is  not  symmetrical;  thus,  a  table  containing  values 
corresponding  to  areas  in  either  tail  of  the  distribution  is  necessary.  Thus, 
with  a  confidence  level  of  l-a, 

(N-l)s2  <  a  <  (N-l)s2 
*a/2  *1-0/2 

As  the  Sample  size  decreases,  the  interval  for  o  becomes  wider.  Therefore, 
in  most  tests  applying  the  chi-square  distribution,  a  normal  sample  size  is 
needed  (N  i  30) . 

4.16  ROUND  OFF  PROCEDURES 

a.  Since  all  measuring  equipment  has  limited  accuracy,  the 
measurements  are  also  of  limited  accuracy  and  thus  consist  of  numbers  which 
have  been  rounded  off;  e.g.,  if  an  Instrument  is  accurate  to  tenths  of 
minutes  and  a  time  measurement  is  12.2  minutes,  the  time  may  actually  have 
been  any  value  between  12.15  and  12.25  minutes. 

b.  When  test  data  are  used  to  compute  test  item  characteristics, 
such  as  the  mean  and  standard  deviation,  the  results  must  be  consistent  with 
the  original  data;  i.e. ,  the  mean  weight  of  a  group  of  projectiles  cannot  be 
more  accurate  than  the  individual  weights  used  to  compute  the  mean.  The 
following  are  some  basic  rules  concerning  significant  figures  and  the  rounding 
of  data: 

(1)  Significant  figures  (significant  digits)  are  the  digits 
of  a  number  that  begin  with  the  first  digit  on  the  ex¬ 
treme  left  that  is  not  a  zero  (if  there  are  any  nonzero 
digits  to  the  left  of  the  decimal  point),  or  vith  the 
first  digit  (zero  or  nonzero)  to  the  right  of  the 
decimal  point,  and  that  end  with  the  last  digit  on  the 
right  that  is  not  a  zero  or  that  is  a  zero  which  is 
-considered  accurate.  For  example: 

.  (a)  12304  has  five  significant  digits. 

(b)  1.0200  has  five  significant  digits. 

(when  a  number  ends  with  a  zero  which  is  on  the  right  of  the  decimal  point, 
the  zero  is  Significant. ) 
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5.2  DATA  REQUIRED 

A  Use  of  sample  readings. 

5.3  PROCEDURE 

\ 

a.  N  Is  odd. 

(1)  List  Cha  readings  in  descending^ or  ascending  order. 

(2)  Use  Che  middle  reading  for  ehe  median. 

b.  N  is  even 

(1)  LisC  Che  readings  in  descending  or  ascending  order. 

(2)  Use  che  average  of  ehe  evo  middle  readings  for  ehe 


median. 

5.4  EXAMPLE 

a.  Case  I. 

Given: 

'  N  -  5 

Procedure: 

(1)  Lise  cha  readings  in  order. 

(2)  Use  Che  — -  reading  for  the 

2 

median. 

b.  Case  II 

Given: 

N  -  6 

Procedure : 

(1)  List  the  readings  in  order 


Example: 

(1)  15 
13.5 
12.7 
12 

11.9 

(2)  N+l  -  5+1 

2  2 


The  median  is  the  3rd  reading. 
The  median  -  12.7 


Example: 

(1)  250 

245 
230 
228 
225 
224.6 
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(2)  Use  the  |  and  |  +1  readings 

to  compute  the  median  which  is  the 
average  of  the  two*  The  median  a 

(j  reading)  +  (y  +  1  reading) 


(2)  }-3 

f+1-4 

Use  the  3rd  and  4th  readings  to 
compute: 


The  median 


230+228 


5.5  ANALYSIS 

The  median  equals  the  mean  if  the  population  is  normally  dis¬ 
tributed;  otherwise,  it  is  only  another  measure  of  central  location,  which 
denotes  the  midpoint  of  the  total  dispersions. 


6.1.1 


6. 1.1.1 


OBJECTIVE 


To  determine  the  best  point  estimate  of  the  population  mean 
for  a  normal  distribution. 


6. 1.1.2 


DATA  REQUIRED 


•  A  list  of  sample  readings;  e.g.,  the  time  required  for  prepare 
for  action  under  daylight  conditions. 


6. 1.1. 3 


PROCEDURE 


a.  Sum  the  list  of  data  for  the  parameter. 


b.  Divide  the  sum  by  the  number  of  readings  recorded  to  obtain 
the  mean  of  the  parameter. 


6. 1.1. 4 


Procedure: 


EXAMPLE 
Given : 

Sample  data  ac  Table  A-2a,  page  1-2. 


a.  Sum  the  parameter. 


Example: 

a.  Sum  ■  1037.0  min 
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6. 1.3. 1.5  ANALYSIS 

If  Nc  samples  are  tested  and  X  Is  computed,  conclude  that  y  a  X 
+  c  and  y  a  7  -  e  at  a  100(l-o)%  confidence  level. 

6. 1.3. 2  SAMPLE  SIZE  REQUIRED  TO  ESTIMATE  u  WITH  o  KNOWN 

6. 1.3. 2.1  '  OBJECTIVE 

To  determine  the  required  in  order  to  state  that  y  Is  equal  to 
or  between  7  +  e  and  X  -  e  at  the  desired  confidence  level  when  a  Is  known. 

6. 1.3. 2. 2  DATA  REQUIRED 

o,  which  Is  known  from  a  standard  Item,  history,  or  Requirements 

Document . 

6. 1.3. 2. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 


f  b.  Choose  the  allowable  amount  of  error. 
c%  Use  Table  B-4,  page  2-4,  to  obtain  Z^_a 
d.  Compute  Nt  as  follows: 

(1)  Square  step  c. 

(2)  Square  a. 

(3)  Square  c. 

(4)  Multiply  step  (1)  by  step  (2). 

(5)  Divide  step  (4)  by  step  (3). 

(6)  Round  step  (5)  to  the  next  larger  whole  number. 


e.  Conclude  that  Nc  samples  are  required  In  order  to  state  that 
u  Is  equal  to  or  between  7  +  e  and  7  -  e  at- the  desired  confidence  level. 


6. 1.3. 2. 4  EXAMPLE 
Given : 

a  ■  2.0  min. 

Procedure:  Example: 

a.  Choose  the  confidence  level  a.  a  •  .05 

(1-a).  1-a  “  .95 

l-a/2  ■  .975 

b.  Ch”«'se  £ •  b.  e  ■  .8  min. 
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c.  Use  Table  B-4,  page  2-1 , 

to  obtain  Z,  , „ 
l-a/2. 

d.  Compute: 


Nt  *  (Z  )  Ho)2 
t  l-a/2 


e.  Conclude  that  Nt  samples  are 
required  in  order  to  state  that 
U  <  X  +  e  and  y  >  X  -  e  at  a 
100(l-a)Z  confidence  level. 


c. 


.975 


1.960 


d.  N  -  a.96)2(2.0)2 

(.8)2 

-  (3 .842) (4 . 00) 

.64 

-  15.37 

.64 

-  24.02 

-  25 

e.  If  25  samples  are  tested 
and  X  computed,  conclude  that 

U  <  IT  +  .8  min.  and  y  >  X  -  .8 
min.  at  a  95%  confidence  level. 


6. 1.3. 2. 5  ANALYSIS 

If  s  samples  are  tested  and  X  is  computed,  conclude  that 
y  <  X  +  e  and  uiX  -  e  at  a  100  (l-a)?  confidence  level. 

6.2  COMPARING  AN  OBSERVED  MEAN  (X)  TO  A  REQUIREMENT  (uo) 


a.  An  observed  mean  is  generated  from  a  sample  and  is  represent- 
iti/e  of  y.  This  value  of  IT  is  then  compared  to  a  stated  requirement  (uq). 
However,  looking  at  the  values  of  X  and  u0  to  decide  whether  u  is  greater  than 
uG  or  y  is  less  than  u0  at  a  confidence  level  is  insufficient.  Since  the  _ 
decision  pertains  to  the  population,  statistical  tests  must  be  applied  to  X 

to  determine  whether  u  is  greater  than  u0  or  u  is  less  than  y0. 

b.  There  exist  two  possibilities  for  the  relationship  of  Y  to 
Vo'  However,  for  each  possibility  there  are  two  approaches;  i.e.,  a  may  be 
known  or  unknown;  and  the  appropriate  test  must  be  chosen  on  that  basis. 
Following  are  the  assumptions  and  the  circumstances  for  each  possible  relation¬ 
ship: 


(1)  X  greater  than  y0 

(a)  The  null  hypothesis  is  u  is  greater  than  u0. 

(b)  The  alternative  hypothesis  is  there  is  no  reason 
to  believe  u  is  greater  than  u0* 

(c)  The  use  of  this  test  is  appropriate  when  y0  is  a 
minH mum  value  for  u  to  satisfy.  In  the  event  that 
y  must  not  be  greater  than  y0,  this  test  would  be 
appropriate . 
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(1)  2?  less  Chan  y0. 

(a)  The  null  hypothesis  is  u  is  less  chan  uo. 

(b)  The  alternative  hypothesis  is  there  is  no  reason 
to  believe  y  is  less  than  uo. 

(c)  The  use  of  this  test  is  appropriate  when  uo  la  a 
minimum  value  for  u  to  satisfy.  In  the  event  that 
U  oust  meet  or  exceed  Uo »  this  test  would  be 
appropriate. 

6.2.1  X  GREATER  THAR  u Q 

6.2.1. 1  1  GREATER  THAN  Un  WITH  a  UNKNOWN 

6. 2. 1.1.1  OBJECTIVE 


To  determine  whether  u  is  greater  than  uo  at  the  desired  con¬ 
fidence  level  when  the  value  of  o  is  unknown. 

6. 2. 1.1. 2  DATA  REQUIRED 

,  A  list  of  sample  readings. 

6. 2. 1.1. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Compute  X  (see  paragraph  6. 1.1. 3,  page  26). 

c.  Compute  s  (see  paragraph  7. 1.1. 3,  page  64). 

d.  Use  Table  B-5,  page  2-5,  to  obtain  t,  for  N-l  d.f. 

1— Cl 

e.  Compute  e  as  follows: 

(1)  Multiply  s  by  step  d. 

(2)  Divide  step  (1)  by  the  square  root  of  N. 

f.  Subtract  c  from  1  to  obtain  the  LCL  which  is  the  lower 
bound  for  u  at  the  desired  confidence  level.  The  confidence  interval  for 
u  is  from  the  LCL  to  +  «  . 

g.  If  u0  is  less  Chan  the  LCL,  decide  that  p  is  greater 

than  U0;  otherwise,  there  is  no  reason  to  believe  u  is  greater  than  Uo  at  the 
desired  confidence  level. 

6. 2. 1.1. 4  EXAMPLE 


Given : 

u0  ■  85.0  min. 

Sample  data  at  Table  A-2a,  page  i_2. 


■  TfOTi 
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Procedure : 

a.  Choose  Che  confidence 
level  (1-a). 

b.  Compute  IT. 


c.  Compute  s. 

d.  Use  Table  B-5,  page  2-5, 

to  obtain  tt  for  N-l  d.f. 

—a 

e.  Compute: 

C 

JT 

i.  Compute: 

LCL  -  X  -  e 

g.  If  y0  <  LCL,  decide  that 
u  >  yc;  otherwise,  there  is 
no  reason  to  believe  u  >  u0 
at  a  100(l-a)%  confidence  level 


Example: 

a.  a  -  .05 
1-a  -  .95 

b.  X  -  86.417 

m  86.4  min. 

See  paragraph  6. 1.2. 1.4  b, 
page  28,  for  computations. 

c.  s  -  2.173 

-  2.2  min. 

See  paragraph  6. 1.2. 1.4  c,  page 
28,  for  computations. 

d.  t  95  for  11  d.f.  -  1.796 

..  .  _  (1.796)  (2.173) 

rJi? 

_  3.903 
"  3.464 

-  1.127 

f.  LCL  -  86.417  -  1.127 

-  85.290 

-  85.2  min. 

g.  Since  85.0  <  85.2,  decide 
that  v  >  85.0  min.  at  a  95% 
confidence  level. 


6. 2. 1.1.5  ANALYSIS 

If  no  <  LCL,  the  null  hypothesis  that  y  >  y0  is  accepted; 
otherwise,  there  is  no  reason  to  believe  u  >  y„  at  a  100(l-a)%  confidence 
level  when  a  is  unknown.  The  100  (l-a)%  confidence  interval  for  y  is  from 
the  LCL  to  +  •  . 

6. 2. 1.2  X  GREATER  THAN  Un  WITH  0  KNOWN 

6. 2. 1.2.1  OBJECTIVE 

To  determine  whether  y  is  greater  than  y0  at  the  desired 
confidence  level  when  a  is  known. 

6. 2. 1.2. 2  DATA  REQUIRED 

A  list  of  sample  readings  and  a,  which  is  known  from  a  standard 
item,  history,  or  Requirements  Document. 
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6. 2, 1.2. 3  PROCEDURE 

a.  Choose  Che  desired  confidence  level. 

t  _ 

b.  Compute  X  (see  paragraph  6. 1.1. 3,  page  26). 

c.  Use  Table  B-4,  page  2-4,  to  obtain  2  . 

d.  Compute  c  as  follows: 

(1)  Multiply  o  by  step  c. 

(2)  Divide  step  (1)  by  the  square  root  of  N. 

e.  Subtract  e  from  X  to  obtain  Che  LCL  which  is  the  lower 
bound  for  v  at  the  desired  confidence  level.  The  confidence  Interval  for 
W  Is  from  the  LCL  to  +  *. 


f.  If  jj0  is  less  than  the  LCL,  decide  that  X  is  greater  than 
U0;  otherwise  there  is  no  reason  to  believe  u  is  greater  than  x0  at  the 
desired  confidence  level. 


6. 2. 1.2. 4  EXAMPLE 


Given: 

9  »  1.4  min. 

U0  *  83.0  min. 

Sample  data  at  Table  A-2a,  page  1-2. 


Procedure: 


a.  Choose  the  confidence 
level  (1-a) . 

b.  Compute  X. 


c.  Use  Table  B-4,  page  2-4, 


to  obtain  Zi _ . 

1  a 

d.  Compute: 

Z,  (9) 
c  -  1-0 


Example: 

a.  a  *  .10 

1-a  -  .90 

b'.  X  -  86.417 

•  86.4  min. 

See  paragraph  6. 1.1. 4,  page  26, 
for  computations. 

c.  Z  go  *  1.282 
J  .  _  (1.282)(1.4) 

a .  c  *  n. i  ■..■—■■n  .. 

.  1.7948 
3.464 
-  .518 
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e.  Compute: 

LCL  -  X  -  £ 

f.  If  uo  <  LCL  decide  that 
u  >  y0;  otherwise,  there  Is 
no  reason  to  believe 
u  >  y0  at  a  100(l-a)% 
confidence  level. 

6. 2. 1.2. 5  ANALYSIS 

If  u0  <  LCL,  the  null  hypothesis  that  y  >  y0  Is  accepted;  otherwise, 
there  is  no  reason  to  believe  u  >  yn  at  a  100(l-a)%  confidence  level  when  o  is 
unknown.  The  100  (1-a  )%  confidence  interval  for  y  is  LCL  to  +  “ 

6.2.2  1  LESS  THAN  u„. 

6.2. 2.1  X  LESS  THAN  WITH  a  UNKNOWN 

6. 2. 2. 1.1  OBJECTIVE 

To  determine  whether  y  is  less  than  y0  at  the  desired  confidence 
level  when  a  is  unknown. 

6. 2. 2. 1.2  DATA  REQUIRED 

A  list  of  sample  readings. 

6.2. 2. 1.3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Compute  X  (see  paragraph  6. 1.1.3,  page  26). 

c.  Compute  s  (see  paragraph  7. 1.1. 3,  page  54). 

d.  Use  Table  B-5,  page  2-5,  to  obtain  tj^  for  N-l  d.f. 

e.  Compute  e  as  follows: 

(1)  Multiply  s  by  step  d. 

(2)  Divide  step  (1)  by  the  square  root  of  N. 

f.  Add  e  to  X  to  obtain  the  UCL  which  is  the  upper  bound  for 

y  at  the  desired  confidence  level.  The  confidence  interval  for  y  is  from 
-  to  the  UCL. 


e.  LCL  -  86.417  -  .518 

-  85.899 
■  85.8  min. 

f.  Since  83.0  <  85.8  decide 
that  y  >  83.0  min.  at  a  90% 
confidence  level. 


g.  If  y0  is  greater  than  the  UCL,  decide  that  y  is  less  than  uo; 
otherwise;  there  is  no  reason  .0  believe  y  is  less  than  y0  at  the  desired 
confidence  level. 
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e.  UCL  -  86.417  +  .814 

-  87.231 
•  87.3  min. 

f.  Since  88.0  >  87.3,  decide 
that  u  <  88.0  min.  at  a  90Z 
confidence  level. 


6. 2. 2. 2. 5  ANALYSIS 


If  uo  >  UCL,  the  null  hypothesis  that  u  <  u0  i3  accepted; 
otherwise  there  is  no  reason  to  believe  u<vo  at  a  desired  confidence  level. 
The  100  (1-a  )Z  confidence  interval  for  u  is  from  -  •  to  UCL. 

6.2.3  DETERMINATION  OF  SAMPLE  SIZE 

6. 2. 3.1  OBJECTIVE 

To  determine  the  Nc  required  to  determine  whether  u  is  equal  to  or 
greater  than  u0  +  e  (or  equal  to  or  lass  than  uo  —  e  )  at  the  desired 
confidence  level  when: 

a.  o  is  known. 

b.  o  is  unknown. 

6. 2. 3. 2  DATA  REQUIRED 

a.  a,  which  is  known  from  a  standard  item,  history,  or 
Requirements  Document. 

b.  An  approximation  of  the  value  that  a  will  assume. 

6. 2. 3. 3  PROCEDURE 


a.  Choose  a  and  6,  the  probabilities  of  making  Type  I  and 
Type  II  errors  respectively. 

b.  Choose  the  allowable  amount  of  error. 

c.  Compute  d2,  an  intermediate  value,  as  follows: 

(1)  Divide  c  by  a. 

(2)  Square  step  (1). 

d.  Use  Table  B-4,  page  2-4,  to  obtain  Z^  and  Z;_g* 

e.  If  o  is  known,  compute  Nt  as  follows: 

(1)  Add  Z  to  Z 

1-a  l-g 

(2)  Square  step  (1). 
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(3)  Divide  sCep  (2)  by  seep  c  and  roupd  to  ehe  next 
larger  whole  number.  \ 


f.  If  a  Is  unknown,  add  3  to  step  e  for  a  »  .01,  2  for  a  »  .05, 
or  1  for  a  «  .10. 

g.  Conclude  that  Nt  samples  are  required  to  determine  whether 

u  Is  equal  to  or  greater  than  y0  +  e  (or  equal  to  or  less  than  y0  -  e)  at  the 
desired  confidence  level. 


6. 2. 3. 4 


EXAMPLE 


Given: 

a  -  .12 


Procedure: 

a.  Choose  a  and  3. 


b.  Choose  e. 

c .  Compute : 

d2  -  (c/a)2 

d.  Use  Table  B-4,  page  2-4, 
to  obtain  Zj ^  and  Z^-g. 

a.  When  o  is  known,  compute: 
..  _  <zi-»+z:-8)2 


i .  When  a  is  unknown  and  a  value 
is  assumed,  compute: 

(1)  «  *  -01 

(Zl-a+zl-S > 

*t  •  —33 - +  3 


Example: 

a.  a  m  .01 
1-a  -  .99 
S  -  .20 
1-6  -  .80 

b.  e  *•  .05 

c.  d2  *  (.05/. 12)2 

-  (.4167)2 

-  .1736 

d.  Z.99  "  2.326 

Z .80  *  *84 

„  _  (2. 326+. 84)2 

*•  - anT" 

(3.166)2 
.1736 
_  10.024 
.1736 

-  57.74 

-  58 

f.  Since  a  -  .01 
.  (2. 326+. 84)2  +3 
c  .1736 


(2)  a  »  .05 
..  (Z 

N  -  — 


•'  ^zl-a+zl_3^" 
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(3)  a  -  .10 


(Zj^+Z  Ufl)2 


g.  Conclude  Chat  Nt  samples  are 
required  Co  determine  whether 
u  i  u0  +  e  (or  y  £■  u0  -  e)  at  a 
100(l-a)2  confidence  level. 


g.  Conclude  that  58  samples, 
for  a  known  and  equal  to  .12 
(or  61  samples  for  a  assumed 
equal  to  .12),  must  be  tested 
in  order  to  determine  whether 
u  *  u0  +  -05  (or  u  a  no  -  .05) 
at  a  99X  confidence  level. 

NOTE:  If  0  is  really  less  than 
.12,  Nt  is  more  than 
adequate. 


6. 2. 3. 5  ANALYSIS 

If  a  is  overestimated,  the  consequences  are  twofold:  first, 

Nt  is  overestimated;  second,  by  employing  a  Nt  that  is  larger  than  necessary, 
the  actual  value  of  8  will  be  somewhat  less  than  intended  at  the  same  con¬ 
fidence  level,  a  consequence  which  is  never  undesirable.  On  the  other  hand 
if  cr  is  underestimated,  Nt  is  underestimated.  Therefore,  Nc  oust  be  re¬ 
computed  And  additional  items  must  be  tested  if  possible.  S  will  be  larger 
than  intended,  at  the  same  confidence  level.  Thus,  overestimating  o  is 
safer  than  underestimating  0. 

6.3  COMPARING  TWO  OBSERVED  MEANS 

a.  An  observed  mean  is  generated  from  a  sample  and  is  repre¬ 
sentative  of  u.  This  value  of  X  is  then  required  to  meet  a  standard  item 
X  which  is  representative  of_the  standard  item's  population.  Looking  at  the 
values  of  the  means  ( XA  and  Xg)  to  decide  whether  uA  is  greater  than  Ug  or 
pA  is  less  than  Ug  at  a  confidence  level  is  insufficient.  Since  the  decision 
pertains  to  the  populations,  statistical  tests  must  be  applied  XA  and  Xg 
to  determine  whether  uA  is  greater  than  Ug  or  uA  is  less  than  Ug.  The 
statistical  tests  use  the  sample  means  as  estimates  of  the  population  means . 


b.  Type  A  generally  represents  Che  test  item  and  Type  B  the 
standard  item  when  testing  the  hypothesis  that  yA  is  greater  than  ug.  However, 
to  prove  that  the  average  performance  of  the  test  item  is  less  than  that  of 
the  standard  item,  Type  A  must  represent  the  standard  item  so  chat  the 
hypothesis,  uA  is  greater  than  yg,  can  be  tested. 

c.  When  the  null  hypothesis  is  uA  i3  greater  than  (ig,  the 
alternative  hypothesis  is  there  is  no  reason  to  believe  that  uA  is  greater 
than  ug. 


d.  There  are  four  different  procedures  available  to  test  the 
null  hypothesis.  Following  are  the  conditions  which  dictate  the  appropriate 
test : 
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(1)  The  variabilities  of  A  and  B  are  unknown  but  assumed 
equal  (oA  *  0g)*  This  test  also  applies  when  tIA  *  Ng 
even  though  oA  t  {see  paragraph  6. 3.1.1,  page 
U6). 

(2)  The  variabilities  of  A  and  B  are  unknown  but  assumed 
unequal  (oA  yi  eg'  for  unequal  sample  sizes  (see  para¬ 
graph  6. 3. 1.2,  page  49). 

(3)  The  variabilities  of  A  and  B  are  known  from  previous 
experience;  thus,  cA  may  or  may  not  equal  oB  (see 
paragraph  6. 3. 1.3,  page  31). 

(4)  The  observations  are  paired;  i.e.,  individual  Type 

A  and  Type  B  items  are  tested  alternately  such  that  the 
items  in  each  pair  are  tested  under  the  same  condition. 
Obviously,  NA  _  NB  (see  paragraph  6. 3. 1.4,  page  53). 

NOTE:  The  procedure  in  subparagraph  (1)  is  also  valid  for 
paired  observations  since  NA  »  NB;  however,  the 
procedure  in  subparagraph  (4)  is  only  valid  for  paired 
observations . 


6.3.1 


XA  GREATER  THAN  XB 


6.3. 1.1 


o»  AND  On  UNKNOWN  BUT  ASSUMED  EQUAL 


6. 3. 1.1.1  OBJECTIVE 

To  determine  whether  pA  is  greater  than  pg  at  the  desired  con¬ 
fidence  level  when  the  population  standard  deviations  of  A  and  B  are  unknown 
but  aA  is  assumed  equal  to  aB. 

6. 3. 1.1. 2  DATA  REQUIRED 

A  list  of  sample  readings. 

6. 3. 1.1. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 


b.  Compute  XA  and  XB  (see  paragraph  6. 1.1. 3,  page  26). 

c.  Compute  £Aj[  and  as  follows: 

(1)  Compute  the  deviation  from  the  mean  for  each  reading 
(Aa  *  Xa  -  Xa  and  4g  *  XB  -  Xg). 

(2)  Square  each  deviation  (AAZ  and  Ag2). 

(3)  Sum  the  squared  deviations  for  each  of  the  two  items 
(IA2  and  EA|). 


d.  Use  Table  B-5,  page  2-5 f  to  obtain  1 1 _a  for  (NA+Ng-2)  d.f. 
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e.  Use  Table  B-5,  page  2-5, 
to  obtain  tUa  for  e>d>f> 


e.  t.95  for  22  d.f.  -  1.717 


f.  Compute: 

=  ”  _  /VA+VB 


g.  Compute: 
LCL  -  X4 


h.  If  Xg  <  LCL,  decide  that 
yA  >  U3 ;  otherwise,  there  is 
no  reason  to  believe 
uA  >  ug  at  a  100(l-a)Z 
confidence  level. 

6.3. 1.2. 5  '  ANALYSIS 


f.  c  -  (1.717)  9.35  4 

-  (1.717)  25.90 

-  (1.717)  (5.089) 

-  8.738 

g.  LCL  -  5401.40  -  8.74 

-  5392.66 


9.35  4-  16.55 


»  5392  meters 

h.  Since  5378  <  5392,  decide  that 
PA  >  Wg  a  95f  confidence  level. 


If  Xg  <  LCL,  the  null  hypothesis  that  uA  >  Ug  is  accepted; 
otherwise,  there  is  no  reason  to  believe  yA  >  yB  at  a  100(l-a)Z  confidence 
level  when  oA  and  oB  are  unknown  and  *A  assumed  equal  to  V 


6. 3. 1.3 


a.  AND  oB  KNOWN  FROM  PREVIOUS  EXPERIENCE 


6. 3. 1.3.1  OBJECTIVE 

To  determine  whether  uA  is  greater  than  ug  when  oA  and  og  are 
known  from  previous  experience. 

6. 3. 1.3. 2  DATA  REQUIRED 

A  list  of  sample  readings  and  oA  and  oB,  which  are  known  from 
previous  testing. 

6. 3. 1.3. 3  PROCEDURE 

a.  CnTOle'the  desired  confidence  level. 


b.  Use  Table  B-4,  page  2-4,  to  obtain  Zi^. 

c.  Compute  XA  and  Xg  (see  paragraph  6. 1.1. 3,  page  26). 

d.  Compute  e  as  follows: 

(1)  Square  oA. 

(2)  Square  oB. 

(3)  Divide  step  (1)  by  NA. 
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(4)  Divide  step  (2)  by  NB. 

(5)  Add  step  (3)  to  step  (4). 

(6)  Multiply  step  b  by  the  square  root  of  step  (5). 

e.  Subtract  e  from  XA  to  obtain  the  LCL. 

f.  If  XB  is  less  than  the  LCL,  decide  that  ua  Is  greater  than 
UB;  otherwise,  there  is  no  reason  to  believe  ua  is  greater  than  ub  at  the 
desired  confidence  level. 


6. 3. 1.3. 4  EXAMPLE 
Given: 

Sample  data  at  Table  A- 2b,  page  1-3,  and  Table  A-2c,  page  1-4. 
<ja  ■  14.0  meters 
OB  ■  12.0  meters 

Procedure :  Example : 


a.  Choose  the  confidence 
level  (1-a). 

b.  Use  Table  B-4,  page  2-4, 
co  obtain 

c.  Compute: 


e.  Compute: 

LCL  *  XA  —  € 


a.  a  -  .05 
1-a  -  .95 

b.  2,95  *  1-645 

c.  XA  *  5401.40 

■  5401  meters 
XB  -  5372.25 

■  5372  meters 

See  paragraph  6. 3. 1.1. 4,  page  47. 

d. 

e  -  (1.645)  ^/[(14.0)5/20]+[(12. 0)^20] 

-  (1.645)  /J( 196. 0/20)+(144. 0/20) 

-  (1.645)  J  9.80  +  7.20 

-  (1.645)  17.00 

■  (1- 61*5)  (1*.  12) 

-  6.78 

e.  LCL  -  5401.40  -  6.78 

-  5394.62 


*  5394  meters 
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f.  If  XB  <  LCL,  decide  Chat 

UA  *  UB*  otherwise,  there  is 
no  reason  to  believe  uA  >  Ug 
at  a  100(l-a)Z  confidence  level. 


f.  Since  5372  <  5394  f  decide  that 
uA  >  ug  at  a  95%  confidence  level. 


6. 3.1.3. 5  ANALYSIS 

If  XB  <  LCL,  the  null  hypothesis  that  uA  >  lu  is  accepted; 
otherwise,  there  is  no  reason  to  believe  uA  >  ug  at  a  100  (l-o )%  confidence 
level  when  crA  and  Og  are  known  from  previous  testing. 

6. 3. 1.4  PAIRED  OBSERVATIONS 

6. 3. 1.4.1  OBJECTIVE 


To  determine  whether  u A  is  greater  than  ug  when  the  observations 
are  paired  (see  subparagraph  6.3  d  (4),  page  46. 

6. 3. 1.4. 2  DATA  REQUIRED 

'  A  list  of  paired  sample  readings. 


6. 3. 1.4. 3  PROCEDURE 


a.  Choose  che  desired  confidence  level. 


b.  Compute  the  difference  between  the  reading  for  Type  A  and 
the  reading  for  Type  B  (x^  *■  xA  -  xB)  for  each  pair  of  observations. 

c.  Compute  the  mean  of  the  differences  (X^) ,  (see  paragraph 
6. 1.1. 3,  page  26). 

d.  Compute  the  standard  deviation  of  the  differences  (sd) , 

(see  paragraph  7. 1.1. 3,  page  64). 

e.  Use  Table  B-5,  page  2-5,  to  obtain  t1-a  for  N-l  d.f. 

f.  Compute  c  as  follows: 

(1)  Divide  step  d  by  the  square  root  of  N. 

(2)  Multiply  step  e  by  step  (1). 

g.  If  Xd  is  greater  than  e,  decide  that  uA  is  greater  than  uB; 
otherwise,  there  is  no  reason  to  believe  yA  Is  greater  than  yg  at  the  desired 
confidence  level. 

6. 3. 1.4. 4  EXAMPLE 


Given: 

Sample  data  at  Table  A-2e,  page  1-6, 
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Procedure: 

a.  Choose  Che  confidence 
level  (1-a). 

b.  Compute  for  each  pair 
of  readings. 

xd  ”  XA  *  XB 

c.  Compute  X^. 

d .  Compute  sd . 

e.  Use  Table  B-5,  page  2-5, 
to  obtain  ti^  for  N-l  d.f. 

f.  Compute: 


3d 


g.  If  Xd  >  e,  decide  that 
PA  >  uB;  otherwise,  there  is 
no  reason  to  believe  pA  >  pg 
at  a  100 (1-a) Z  confidence  level 


Example: 

a.  a  «  .05 
1-a  •  .95 

b.  (1)  ij  ■  146.0  -  lUl.O 

»  5.0 

(2)  Xd  -  lbl.5  -  lb3.5 

«  -2.0 

See  Table  A-2e,  page  1-6, 
for  complete  list. 

c.  -  -0.10 

»  -0.1  amp.  hr. 

See  paragraph  6. 1.1. 4,  page  26. 

d.  sd  -  2.81 

-  2.8  amp.  hr. 

See  paragraph  7.1. 1.4,  page  65. 

e.  t>35  for  9  d.f.  -  1.833 

f.  e  -  (1.833) (2.81)/  JlO 

-  5.15/3.16 

-  1.63 

-  1.6 

g.  Since  -0.1  /  1.6,  decide  that 
there  is  no  reason  to  believe 

PA  >  pg  at  a  95Z  confidence  level. 


6. 3. 1.4. 5  ANALYSIS 

If  Xd  >  e,  the  null  hypothesis  that  yA  >  uB  is  accepted; 
otherwise,  there  is  no  reason  to  believe  uA  >  pg  at  a  10Q(l-a)Z  confidence 
level  when  the  observations  are  paired. 

6. 3. 1.5  DETERMINATION  OF  SAMPLE  SIZE 
6. 3. 1.5.1  OBJECTIVE 


To  determine  the  Nt  required  to  determine  whether  uA  is  equal 
co  or  greater  than  pg  +  e  (or  equal  to  or  less  than  Pg  -  e)  at  the  desired 
confidence  level  when: 

a.  Case  I.  The  variabilities  of  A  and  B  are  unknown  but 
assumed  equal. 

b.  Case  II.  The  variabilities  of  A  and  B  are  unknown  but 
assumed  unequal. 
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c.  Case  III.  The  variabilities  o£  A  and  B  are  known  from 
previous  experience. 

d.  Case  IV.  The  observations  are  paired  (see  subparagraph 
6.3  d  (U),  page  U6). 


6. 3. 1.5. 2  DATA  REQUIRED 


assume. 


a.  Case  I.  An  approximation  of  the  value  that  0  (aA  ■  aB)  will 


assume. 


b.  Case  II.  An  approximation  of  the  values  that  aA  and  ob  vlll 


c.  Case  III.  The  values  of  oA  and  og  which  are  known  from 
previous  experience. 

d.  Case  IV.  An  approximation  of  the  population  standard 
deviation  of  the  differences  (a<j  »  |aA  “  °B|  wll®r®  ®a  “B  mre  aPProx*“ 
mat ions)  for  the  pairs  concerned. 

6. 3.1.5. 3  PROCEDURE 

a.  Case  I. 


(1)  Choose  a  and  3,  the  probabilities  of  making  Type  I 
and  Type  II  errors  respectively. 

(2)  Choose  the  allowable  amount  of  error. 

(3)  Compute  d2,  an  intermediate  value,  as  follows: 

(a)  Square  0. 

(b)  Multiply  step  (a)  by  2. 

(c)  Square  z. 

(d)  Divide  step  (c)  by  step  (b). 

(4)  Use  Table  B-4,  page  2-4,  to  obtain  and  Zi_g. 

(5)  Compute  N5  (Nt  ■  NA  ■  Ng)  as  follows: 

(a)  Add  Zi_a  to  Zj_g. 

(b)  Square  step  (a). 

(c)  Divide  step  (b)  by  step  (3). 

(d)  If  a  -  .01,  add  2  to  step  (c)  and  round  up;  and 

if  a  ■  .05,  add  1  to  step  (c)  and  round  up. 

(6)  Conclude  that  Nc  samples  of  each  item  are  required 
to  determine  whether  uA  is  equal  to  or  greater  than 

UB  +  e  (or  equal  to  or  less  than  ug  “  £)  at  desired 
confidence  level. 


b.  Case  II. 


(1)  Choose  a  and  3,  the  probabilities  of  making  Type  I 
and  Type  II  errors  respectively. 
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(2)  Choose  the  allowable  amount  of  error. 

(3)  Compute  d2,  an  Intermediate  value,  as  follows: 

(a)  Square  o^. 

(b)  Square  ob. 

(c)  If  Na  ■  Mg,  add  step  (a)  to  step  (b). 

(d)  If  Na  Is  a  multiple  of  Ng;  i.e.,  Ha  ■  C  (Ng) , 
multiply  step  (b)  by  C  and  add  the  product  to 
step  (a). 

(e)  Square  e . 

(f)  Divide  step  (e)  by  the  value  from  step  (c) 
if  Na  ■  Ng  or  by  the  value  from  step  (d)  if 
NA  -  C(Nb). 

(4)  Use  Table  B-4,  page  2-4,  to  obtain  ^  Zj.g. 

(5)  Compute  (Nt  ■  Na  ■  Ng)  as  follows: 

(a)  Add  to  Zj.g. 

(b)  Square  step  (a). 

(c)  Divide  step  (b)  by  step  (3)  and  round  up. 

(6)  Conclude  that  Nt  samples  of  each  item  are  required 

to  determine  whether  ua  la  equal  to  or  greater  than  yg 
+  e  (or  equal  to  or  less  than  v>g  -  e)  at  the  desired 
confidence  level. 

c.  Case  III. 

Same  as  Case  II. 

d.  Case  IV. 

Same  as  paragraph  6. 2. 3. 3,  page  43 

NOTE:  a  In  paragraph  6. 2. 3. 3  represents  04. 

6. 3. 1.5. 4  EXAMPLE 


a.  Case  I. 

Given: 

0  -  2.6 

Example: 

(.0  0  -  .05 
1-a  -  .95 
S  -  .20 
1-8  -  .80 

(2)  e  -  1.05 


Procedure : 

(1)  Choose  a  and  8. 

(2)  Choose  e. 
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(3)  Compute: 

d2  ■  e2/2o2 


(4)  Use  Table  B-4,  page  2-4 
Co  obtain  Z^  and  Zj_g. 


(5) 


»t  * 


Compute: 

(a)  For  a  »  .01, 
(2l-a  +  2l-ft>2  +2 

d2 

(b)  For  a  •  .05, 

(2i-»  *  h-e >* 

d2 


(6)  Conclude  that  Nt  samples  of 
each  item  are  required  to  determine 
whether  uA  2  ug  +  e  (or  ua  4  ub  -  e) 
at  a  100(l-a)Z  confidence  level. 


b.  Case  II. 


Procedure : 


Given 
°A  -  2.2 

og  -  3.0 


(1)  Choose  a  and  8. 


(3)  d2  -  1.052/2(2.6)2 

-  1.1025/2(6.76) 

-  1.1025/13.52 

-  .08155 

(4)  Z.95  -  1-645 

Z. 80  “  *®4 


(5)  Since  a  ■  .05, 

.  (1.645  +  .84)2  ^  T 
.08155 

-  <2-485)2  . 

.08155 

,  6.175  +  1 
.08155 

-  75.72  +  1 

-  76.72 

-  77 

(6)  Conclude  that  77  samples 
of  each  item,  for  a  assumed  and 
equal  to  2.6,  must  be  tested 

in  order  to  determine  whether 
UA  *  WB  +  l*05  (°r  UA  4  "  1-05) 

at  a  95Z  confidence  level. 


Example: 

(1)  a  ■  .05 
1-a  -  .95 
6  -  .20 
1-8  -  .80 
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(2)  Choose  e. 

(3)  (a)  If  NA  ■  Ng,  compute: 


d2* 


ai*°l 


(b)  If  NA  *  C(Ng),  compute: 
d2 - C1 . , 


(4)  Use  Table  B-4,  page  2-4 
to  obtain  Z^  and  Zi_0. 

(5)  Compute: 

»t  -  <Zl-q  +  2l-fl)2 
d2 


(2)  c  «  .75 

(3)  Since  NA  »  NB  is 
assumed ,  A 

d2 _  ‘752 

(2.2)2+(3.0)2 

-  *3625 

4.84  +  9.0 

„  .5625 

13.84 
•  .0406 


(4)  2.95  -  1.645 
Z. 90  •  .84 

(5)  Nt  -  0-645  +  >84)2 

.0406 

-  (2-485)2 

.0406 

-  6-175 
.0406 


-  152.10 

-  153 

(6)  Conclude  that  153  samples 
of  each  Item, for  aA  assumed  and 
equal  to  2.2  and  oB  assumed  and 
equal  to  3.0,  must  be  tested  in 
order  to  determine  whether  uA  :» 
Ug  +  .75  (or  uA  <  yB  -  .75) 
at  a  95Z  confidence  level. 

Same  as  Case  II. 
d.  Case  IV. 

Same  as  paragraph  6. 2. 3. 4,  page  44. 

'NOTE:  0  in  paragraph  6. 2. 3. 4  represents  od. 


(6)  Conclude  that  Nt  samples  of 
each  item  are  required  to  determine 
whether  PA  a  uB  +  e  (or  UA  a  u*  -  e) 
at  a  100(l-a)Z  confidence  level. 


c.  Case  III. 


(7) 


(7)  Compute: 


(8)  If  the  absolute  difference 
between  any  two  sample  means  Is 
greater  than  e,  decide  that  those 
means  differ;  otherwise,  there  is 
no  reason  to  believe  the  means 
differ  at  a  100(l-a)2  confidence 
level. 
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e  -  (3.42)  /s/l648.47  y//67?0 

-  (3.42) (40. 60)/ 2. 59 

-  138.85/2.59 

-  53.64 

(8)  (a)  2  and  3 

Is  | 5011. 20-5584.67 |  >  547 

573  >  54 

Since  573  >  54,  decide  that 
the  means  of  Types  2  and  3  differ 
at  a  902  confidence  level. 

NOTE:  Since  the  difference 
between  the  smallest 
and  largest  mean 
produces  a  difference 
decision,  repeat  step 
(8)  for  the  next 
largest  difference. 

(b)  3  and  4 

Is  | 5584. 67-5147. 96 |  >  5*? 

436.81  >  547 
437  >  54 

Since  437  >  54,  decide  that 
the  means  of  Types  3  and  4  differ 
at  a  902  confidence  level. 

(c)  1  and  3 

Is  | 5222. 29-5584. 67 |  >  547 

362.38  >  54? 

362  >  54 

Since  362  >  54,  decide  that 
the  means  of  Types  1  and  3  differ 
at  a  902  confidence  level. 

(d)  1  and  2 

Is  | 5222.29-5011.20 |  >  54? 

211.09  >  54? 

211  >  54 

Since  211  >  54,  decide  that 
the  means  of  Types  1  and  2  differ 
at  a  902  confidence  level. 
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(e)  2  and  4 

la  I  5011. 20-5147.,  86  |  >  54? 

'  136.66  >  54? 

137  >  54 

Since  137  >  54,  decide  chat  Che 
means  o£  Types  2  and  4  differ  at 
a  902  confidence  level. 

(f)  1  and  4 

Is  | 5222. 29-5147. 86j  >  54’ 

74.43  >  54? 

74  >  54 

Since  74  >  54,  decide  Chat  Che 
means  of  Types  1  and  4  differ 
at  a  90%  confidence  level. 

6. 3. 2. 5  ANALYSIS 

The  population  means  of  several  products  may  be  compared  by  com¬ 
puting  the  absolute  difference  between  any  two  sample  means  and  comparing 
this  value  to  a' computed  £.  The  decision  is  relative  only  to  the  two 
products  compared.  Therefore,  this  test  only  reveals  the  relationship  bet¬ 
ween  the  means  of  two  items  at  a  desired  confidence  level  and  does  not 
necessarily  reveal  a  difference  between  one  mean  and  all  of  the  remaining 
means. 

7.  STANDARD  DEVIATION 

7.1  ESTIMATE  OF  THE  POPULATION  STANDARD  DEVIATION  (s) . 

7.1.1  BEST  SINGLE  ESTIMATE  of  3. 

7. 1.1.1  OBJECTIVE 

To  determine  the  best  point  estimate  of  the  population  standard 
deviation  for  a  normal  distribution. 

7. 1.1.2  DATA  REQUIRED 

A  list  of  sample  readings. 

7. 1.1.3  PROCEDURE 

a.  Compute  7  (see  paragraph  6. 1.1. 3,  page  26). 

b.  Find  the  deviation  of  each  reading  from  the  mean  by  sub¬ 
tracting  the  mean  from  each  reading;  l.e.,  A  ■  x  -  7. 

c.  Square  each  deviation;  i.e.,  A2. 

d.  Sum  the  squared  deviations;  i.e.,  EA2. 

e.  Compute  3  as  follows: 

(1/  Divide  step  d  by  N-l. 

(2)  Find  the  square  root  of  step  (1). 
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7. 1.1. 4  EXAMPLE 
Given : 

Sample  data  at  Table  A- 3a,  page  1-9. 

Example : 


Procedure: 
a.  Compute  X 


b .  Compute : 

A  «  X  -  X 

c.  Square  each  A. 


d.  Sum  the  A2, 

e.  Compute: 

7h-i 


a.  X  -  1094/10 

-  109.40 
*  109  min. 

See  paragraph  6. 1.1. 4,  page  26. 

b.  (1)  A  -  100.00  -  109.40 

-  -9.40 

(2)  A  -  125.00  -  109. U0 

-  15.60 

See  Table  A-3a,  page  1-9, 
for  complete  list. 

c.  (1)  A2  -  (-9.40)2 

-  88.36 

(2)  A2  -  (15. 60) 2 

-  243.36 

See  Table  A- 3a,  page  1-9. 
for  complete  list. 

d.  £A2  -  810.4 


40 

iu=r- 


[810. 

"Y“in= 

-V5 


w 


■yio.04 

-  9.49 

*  9  min. 


7. 1.1. 5 


ANALYSIS 


The  standard  deviation  is  a  unit  measure  of  dispersion  around 
the  mean.  In  the  cas£  of  the  normal  distribution,  68X  of_  the  area  under 
the  curve  is  between  X  +  s  and  X  ~  s  with  u  centered  at  X  or,  in  terms 
of  the  population,  between  u  +  a  and  u  -  0  (see  Figure  13). 

7.1.2 

7. 1.2.1 

7. 1.2. 1.1 


CONFIDENCE  INTERVAL  ESTIMATES 
TWO-SIDED  INTERVAL 
OBJECTIVE 


To  determine  a  two-sided  confidence  interval  which  is  expected 
to  bracket  o  at  the  desired  confidence  level. 

7. 1.2. 1.2  DATA  REQUIRED 

A  list  of  sample  readings. 
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AREA  UNDER  THE  NORMAL  CURVE 


Parameter 

Figure  13 

7. 1.2. 1.3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Compute  s  (see  paragraph  7. 1.1. 3,  page  64). 

c.  Use  Table  B— 9,  page  2-35,  to  obtain  By  (upper  bound)  and 
By  (lower  bound)  for  N-l  d.f. 

d.  Multiply  s  by  By  to  obtain  the  UCL  and  multiply  s  by  By  to 
obtain  the  LCL. 

e.  Conclude  that  a  Is  equal  to  or  between  the  UCL  and  LCL  at 
the  desired  confidence  level. 

7. 1.2. 1.4  EXAMPLE 
Given: 

Sample  data  at  Table  A-3a,  page  1-9. 

Procedure:  Example: 

a.  Choose  the  confidence  level  (1-a).  a.  a  ■  .05 

1-a  -  .95 

b.  Compute  s.  b.  s  -  9.49 

■  9  min. 

See  paragraph  7. 1.1. 4,  page  65. 
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c  Cse  Table  B-9,  page  2-35, 
o  obtain  By  and  B^  for  a  and 
N-l  d. f . 

d.  Compute: 

UCL  -  (By)  s 
LCL  -  (BL)  s 


e.  Conclude  that  o  &  UCL  and 
o  a  LCL  at  a  100(l-a)%  confi¬ 
dence  level. 

7. 1.2. 1.5  ANALYSIS 


c.  For  a  -  .05  and  9  d.f., 

Bu  -  1.746 

Bl  -  .6657 

d.  UCL  •  (1.746) (9.49) 

-  16.57 

■  17  min. 

LCL  -  (.6657) (9.49) 

-  6.32 

■  6  min. 

e.  Conclude  that  o  i  17  tain, 
and  o  a  6  min.  at  a  95X  confi¬ 
dence  level. 


The  two-sided  interval  surrounds  a  such  that  o  i  UCL  and  a  a  LCL 
at  a  100(l-a)Z  confidence  level. 


7. 1.2. 2 


ONE-SIDED  INTERVAL 


7. 1.2. 2.1  OBJECTIVE 


To  determine  a  one-sided  confidence  interval  such  that  a  is  equal 
to  or  less  than  the  UCL  (or  equal  to  or  greater  than  the  LCL)  at  the  desired 
confidence  level. 

7. 1.2. 2. 2  DATA  REQUIRED 

A  list  of  sample  readings. 

7. 1.2. 2. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Compute  s  (see  paragraph  7. 1.1. 3,  page  64). 

c.  Use  Table  B-10,  page  2-37,  to  obtain  A1-a  (or  A^)  for 

N-l  d.f. 

d.  Multiply  Aj^  by  9  to  obtain  the  UCL  (or  multiply  Aa  by  s 
to  obtain  the  LCL) . 

e.  Conclude  that  o  is  equal  to  or  less  than  the  UCL  (or  equal 
to  or  greater  than  the  LCL)  at  the  desired  confidence  level. 

7. 1.2. 2. 4  EXAMPLE 
Given: 

Sample  data  at  Table  A-3a,  page  1-9. 

Procedure:  Example: 

a.  Choose  the  confidence  level  (1-a).  a.  a  -  .05 


b.  Compute  s. 


a.  a  -  .05 
1-a  -  .95 

b.  s  -  9.49 

*  9  min. 

See  paragraph  7. 1.1. 4,  page  65. 
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c.  Use  Table  B-10,  page  2-37, 

to  obtain  Aj_a  (or  Aa)  for  n-1  d.f 

d.  Compute: 

UCL  -  A1-a  s 

or  LCL  •Ajj 


e.  Conclude  that  o  £  UCL 
(or  a  a  LCL)  at  a  100(l-a)Z 
confidence  level. 


c.  For  9  d.f . , 

A  95  -  1.645 

(or  A. os  -  .7293) 

d.  UCL  -  (1.6451(9.49) 

-  15.61 

-  16  min. 

(or  LCL  -  (.7293) (9.49) 

-  6.92 

-  6  min.) 

e.  Conclude  that  o  £  16  min. 
(or  0*6  min.)  at  a  952 
confidence  level. 


7. 1.2. 2. 5  ANALYSIS 

The  one-sided  interval  surrounds  o  such  that  o  £  UCL  (or 
o  a  LCL) at  a  100(l-a)Z  confidence  level. 

7.1.3  SAMPLE  SIZE  REQUIRED  TO  ESTIMATE  THE  POPULATION  STANDARD  DEVIATION 

7. 1.3.1  OBJECTIVE 

To  determine  the  Nt  required  in  order  to  state  that  a  lies 
within  a  specified  percentage  of  its  true  value  at  the  desired  confidence 
level. 

7. 1.3. 2  DATA  REQUIRED 
None. 

7. 1.3. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Choose  the  allowable  percentage  of  error. 

c.  Use  Table  B-4,  page  2-4,  to  obtain 

d.  Compute  Nc  as  follows: 

(1)  Square  step  c. 

(2)  Square  step  b. 

(3)  Multiply  step  (2)  by  2. 

(4)  Divide  step  (1)  by  step  (3)  and  round  to  the  next 
larger  whole  number. 

e.  Conclude  that  Nt  samples  are  required  in  order  to  state 
that  o  lies  within  an  allowable  percentage  of  error  ot  its  true  value 
at  the  desired  confidence  level. 


7. 1.3. 4  EXAMPLE 

Procedure:  Example: 

a.  Choose  the  confidence  level  (1-a).  a.  a  ■  .05 

l-o  -  .95 
l-a/2  -  .975 
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b.  Choose  the  percentage  of  error. 

c.  Ose  Table  B-4,  page  2-4, 
to  obtain 

d.  Compute: 


(Zl-«/2>2 


2 (percentage  of  error)' 


e.  Conclude  that  Nt  samples  are 
required  in  order  to  state  that 
a  lies  within  an  allowable  per¬ 
centage  of  its  true  value  at  a 
100(l-a)Z  confidence  level. 


b.  Percentage  of  error  -  .10 
c*  z.975  *  1,96 


d.  N, 


(1.96)2 
2(.10)2 
3.84 
2 (.01) 

3.84 

.02 


-  192 


e.  Conclude  that  192  samples 
are  required  in  order  to  state 
that  a  lies  within  10Z  of  its 
true  value  at  a  95Z  confidence 
level. 


7. 1.3. 5  ANALYSIS 
» 

Nt  samples  are  required  in  order  to  state  that  a  lies  within 
a  certain  percentage  of  its  true  value  at  a  100(l-a)Z  confidence  level. 


7.2  COMPARING  AN  OBSERVED  STANDARD  DEVIATION  (3)  TO  A  REQUIREMENT  (an) 

a.  An  observed  standard  deviation  is  generated  from  a  sample 
and  is  representative  of  a.  This  value  of  s  is  then  compared  to  a  stated 
requirement  (o0).  However,  looking  at  tne  values  of  s  and  a0  to  decide 
whether  0  is  greater  than  a0  or  a  is  less  than  a0  at  a  confidence  level  is 
insufficient.  Since  the  decision  pertains  to  the  population,  statistical 
tests  must  be  applied  to  s  to  determine  whether  0  is  greater  than  a0  or  a 
is  less  than  Jo. 

b.  There  exist  two  possibilities  for  the  relationship  of 

3  to  cj0.  Following  are  the  assumptions  and  the  circumstances  for  each 
possible  relationship: 

(1)  3  greater  than  o0. 

(a)  The  null  hypothesis  is  0  is  greater  than  o0. 

(b)  The  alternative  hypothesis  is  there  is  no  reason 
to  believe  0  is  greater  than  a0. 

(c)  The  use  of  this  test  is  appropriate  when  a0  is  a 
maximum  value  for  o  to  satisfy.  In  the  event  that 
0  must  not  be  greater  than  oo ,  this  test  would  be 
appropriate. 

(2)  3  less  than  a0. 

(a)  The  null  hypothesis  is  c  is  less  than  Jo- 

(b)  The  alternative  hypothesis  is  there  is  no  reason 
to  believe  that  0  is  less  than  j0  - 
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(c)  The  use  of  this  test  is  appropriate  when  o0  is  a 
minimum  value  for  a  to  satisfy.  In  the  event  that 
0  must  meet  or  exceed  a 0,  this  test  would  be 
appropriate. 

7.2.1  s  GREATER  THAN  an. 

7. 2. 1.1  OBJECTIVE 

To  determine  whether  o  is  greater  than  <Jo  at  the  desired  con¬ 
fidence  level. 

7.2. 1.2  DATA  REQUIRED 

A  list  of  sample  readings. 

7. 2. 1.3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Use  Table  B-10,  page  2-37,  to  obtain  Aq  for  N-l  d.f. 

c.  Compute  s  (see  paragraph  7.1.1. 3,  page  64). 

d.  Multiply  step  c  by  step  b  to  obtain  the  LCL.  The  con¬ 
fidence  interval  for  a  is  from  the  LCL  to  +  «. 

e.  If  a o  is  less  than  the  LCL,  decide  that  a  is  greater  than  <j0 
otherwise,  there  is  no  reason  to  believe  o  is  greater  than  o0  at  the  desired 
confidence  level. 

7. 2. 1.4  EXAMPLE 
Given: 

(Jo  “  7.0  min. 

Sample  data  at  Table  A-3a,  page  1-9. 

Procedure: 

a.  Choose  the  confidence 
level  (1-a). 

b.  Use  Table  B-10,  page  2-37, 

to  obtain  A  for  N-l  d.f. 

a 

c.  Compute  s. 


d.  Compute: 

LCL  -  Aa  (s) 

e.  If  a0  <  LCL,  decide  that  a  >  a0, 
otherwise,  there  is  no  reason  to 
believe  a  >  a0  at  a  100(l-ct)%  con¬ 
fidence  level. 


Example: 

a.  a  *  .05 
l-o  -  .95 

b.  For  9  d.f. 

A. 05  “  -7293 

c.  s  *  9.49 

•  9  min. 

See  paragraph  7. 1.1. 4,  page  65. 

d.  LCL  -  (.7293X9.49) 

-  6.921 
■  6  min. 

e.  Since  7.0  {  6,  decide 
that  there  is  no  reason  to 
believe  a  >  7.0  min.  at  a 
95Z  confidence  level. 
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7. 2. 1.5 

ANALYSIS 

otherwise, 
level.  The 

If  Oo  <  LCL,  the  null  hypothesis  that  o  >  oq  is  accepted; 
there  is  no  reason  to  believe  o  >  o0  at  a  100(l-a)Z  confidence 
100(l-a)Z  confidence  interval  for  o  is  from  the  LCL  to  +  ®. 

7.2.2 

s  LESS  THAN  On 

7. 2. 2.1 

OBJECTIVE 

level. 

To  determine  whether  o  is  less  than 

o o  at  the  desired  confidence 

7. 2.2.2 

DATA  REQUIRED 

A  list  of  sample  readings. 

7. 2. 2. 3 

PROCEDURE 

a.  Choose  Che  desired  confidence  level. 

b.  Use  Table  B-10,  page  2-37,  to  obtain  for  N-l  d.f. 

c.  Compute  s  (see  paragraph  7. 1.1. 3,  page  64). 

d.  Multiply  step  c  by  step  b  to  obtain  the  UCL.  The  confi¬ 
dence  Interval  for  a  is  from  -  •  to  the  UCL. 

e.  If  a0  is  greater  than  the  UCL,  decide  that  o  is  less  than 
o0;  otherwise,  there  is  no  reason  to  believe  o  is  less  than  oo  at  Che  desired 
confidence  level. 


7. 2. 2. 4  EXAMPLE 
Given: 

o0  ■  12.0  min. 

Sample  data  at  Table  A-3a 

Procedure: 

a.  Choose  the  confidence 
level  (1-a). 

b.  Use  Table  B-10,  page  2-37, 
to  obtain  A^  for  N-l  d.f. 

c.  Compute  s. 

d.  Compute: 

UCL  -  Ax^ts) 


page  1-9. 

Example: 

a.  a  ■  .05 
1-a  -  .95 

b.  For  9  d.f .  , 

A. 95  “  1.645 

c.  s  -  9.49 

■  9  min. 

See  paragraph  7. 1.1. 4,  page  65 

d.  UCL  -  (1.645)(9.49) 

-  15.611 
■  16  min. 


e.  If  a0  >  UCL,  decide  that 
a  <  ao;  otherwise,  there  is 
no  reason  to  believe  a  <  o0 
at  a  100(l-a)%  confidence 
level. 


e.  Since  12.0  >  16, decide 
that  there  is  no  reason  to 
believe  that  o  <  12.0  min. 
at  a  95Z  confidence  level. 
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7. 2. 2.5 

ANALYSIS 

otherwise. 

If  9o  >  UCL,  the  null  hypothesis  that  o  <  o o  is  accepted; 
there  is  no  reason  to  believe  a  <  ao  at  a  100(l-a)Z  confidence 

level. 

7.2.3 

DETERMINATION  OF  SAMPLE  SIZE 

7. 2. 3.1 

OBJECTIVE 

than  y  a0 

To  determine  the  Ne  required  to  determine  whether  o  is  greater 
(or  less  than  y  ao)  at  the  desired  confidence  level. 

7. 2.3. 2 

DATA  REOUIRED 

7. 2. 3. 3 

None. 

PROCEDURE 

a.  Choose  a  and  $,  Che  probabilities  o£  making  Type  I  and  Type  II 
errors  respectively. 

b.  Estimate  s  based  on  experience  or  a  comparable  item. 

c.  Divide  s  by  o0  to  obtain  y,  an  Intermediate  value. 

d.  Use  Table  B-ll,  page  2-38,  to  obtain  Nt  which  corresponds 
to  y  and  the  chosen  values  of  a  and  j3.  If  one  of  these  values  is  not 
contained  in  the  table,  continue  with  step  e. 

e.  Use  Table  B-4,  page  2-4,  to  obtain  Z1-a  and  Zi_g. 

f.  Compute  Ng  as  follows: 

(1)  Multiply  Zi_g  by  step  c. 

(2)  Add  step  (1)  to  Zlm9, 

(3)  Divide  step  (2)  by: 

(a)  y-1,  if  s  is  greater  than  o0. 

(b)  3-y,  if  s  is  less  than  a0. 

(4)  Square  step  (3). 

(5)  Multiply  step  (4)  by  1/2. 

(6)  .  Add  1  to  step  (5)  and  round  to  the  next  larger  whole 

number. 

g.  Conclude  that  Nt  samples  are  required  to  determine  whether 
a  is  greater  than  y  a0  (or  is  less  than  y  «)  at  the  desired  confidence 
level . 

NOTE:  When  y  >  1,  then  s  is  greater  than  a0 ;  and  the  null 

hypothesis  is  that  a  >  y  a0.  When  y  <  1,  then  s  is  less 
than  aQ  ;  and  the  null  hypo thesis  is  that  a  <  Y  a0  • 

7. 2. 3. 4  EXAMPLE 
'  Given: 

30  -  7.3 
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NOTE:  When  Y  >  1,  then  «A  is  greeter  then  sg;  end  the  null 

hypothesis  is  thet  &a  *  Y  aB‘When  y  <  1,  then  sA  is  less 
than  sB;  and  the  null  hypothesis  is  thet  a  a  <  Y  03* 

7. 3. 2. 4  EXAMPLE 


Procedure : 

a.  Choose  a  and  8. 

b.  Estimate  aA  and  aB 

c.  Compute: 

Y  -  *A/®g 


Example: 

a.  a  -  .03 
1-a  -  .95 
8  -  .20 
1-8  -  .80 

b.  sa  *  6.0 
sg  "  4.8 


6.0 

*77 

1.250 


V 


d.  Use  Thble  B-12,  page  2-41, 
to  obtain  Nt  which  corresponds 
to  y  and  the  chosen  values  o£ 
a  and  8.  If  one  of  chese 
values  is  not  contained  in  the 
cable,  continue  with  step  e. 

e.  Use  Table  8-4,  page  2-4 
to  obtain  Zj^  and  ZUfl 

f.  Compute: 


g.  Conclude  that  Nt  samples  are 
required  to  determine  whether 
oA  >YOg  (or  oA  <  y  at  a 
100(l-a)X  confidence  level. 


d.  Since  y  ■  1.250  is  not 
contained  in  Table  B-12,  page  2-41, 
continue  with  step  e. 


a.  Z.95  -  1.645 
Z.80  ■  *840 
f. 


g.  Conclude  that  127  samples 
of  each  item  must  be  tested 
in  order  to  determine  whether 
aA  >  1.25  Or  at  a  95Z  confidence 
level. 


7. 3. 2. 5  ANALYSIS 


a.  Initial  Nt. 


10  June  197fc 
CHANGE  1 


AC  specified  significant  levels  of  a  and  8,  Nt  samples  are 
required  to  determine  whether  a A  >  y  aB  (°r  ffA  <  Y  °B^  *  Aa  Y  approaches  1 , 
a  very  large  sample  size  is  required. 

b.  Adequacy  of  Nt. 

(1)  sA  greater  than  Sg. 

After  the  initial  Nt  samples  have  been  tested,  sA  and 
sg  must  be  computed.  Their  ratio  (sA/sg)  must  then  be 
computed  and  compared  to  the  initial  ratio  determined 
for  the  initial  Nt.  If  the  computed  ratio  is  greater 
than  the  initial  ratio,  the  initial  Nt  is  adequate; 
however,  if  the  computed  ratio  is  less  than  the 
Initial  ratio.,  tjje  initial  Nt  is  inadequate.  If  Nt 
is  inadequate,  Nt  must  be  recomputed  using  the  computed 
ratio  in  place  of  the  initial  ratio;  and  additional 
samples  mist  be  tested  if  possible. 

(2)  sA  less  than  sg. 

After  the  initial  Nt  samples  have  been  tested,  sA  and 
Sg  must  be  computed.  Their  ratio  (sA/sg)  must  then  be 
computed  and  compared  to  the  initial  ratio  determined 
for  the  initial  Nt.  If  the  computed  ratio  is  less  than 
the  initial  ratio,  the  initial  Nt  is  adequate;  however, 
if  the  computed  ratio  is  greater  than  the  initial  ratio 
the  initial  Kg  is  Inadequate.  If  Nc  is  inadequate,  Nt 
must  be  recomputed  using  the  computed  ratio  in  place 
of  the  initial  ratio;  and  additional  samples  must  be 
tested  if  possible. 

8.  PROPORTION 

For  some  kinds  of  tests  there  may  be  no  way  to  obtain  actual 
measurements.  An  item  may  be  subjected  to  a  test  when  the  result  of  that 
particular  test  can  be  expressed  only  in  terms  of  a  pre-established  classi¬ 
fication  of  possible  results.  The  simplest  kind  of  classification,  and 
the  one  most  widely  used,  consists  of  just  two  mutually  exclusive  cate¬ 
gories;  e.g. ,  success  and  failure  or  perfect  and  defective.  The  ratio  \ 
generated,  the  number  of  items  having  the  characteristic  divided  by  N, 
is  known  as  a  proportion  (P)  or  a  failure-attempt  ratio.  In  all  examples 
P  is  computed  relative  to  failures  (f);  however,  other  variables,  such  as 
successes,  may  be  substituted. 

* 

8.1  ESTIMATE  OF  THE  POPULATION  PROPORTION  (P) 

8.1.1  BEST  SINGLE  ESTIMATE  of  P 

8. 1.1.1  OBJECTIVE 

To  determine  the  best  point  estimate  of  the  population 
proportion  (X). 
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3. 1.1.2  DATA  REQUIRED 

N  and  Che  number  of  elements  possessing  Che  given  characteristic. 

8. 1.1.3  PROCEDURE 

a.  Divide  the  number  of  sample  items  which  have  the  characteristic 
by  Che  total  number  of  items  in  the  sample. 

b.  Conclude  that  P  is  the  best  estimate  of  the  proportion  of 
population  of  items  which  will  have  the  given  characteristics. 

8. 1.1.4  EXAMPLE 
Given: 

N  -  10 
f  -  4 


Procedure : 
a.  Compute: 

P  ■  characteristic/N 


b.  Conclude  that  P  is  Che  best 
estimate  of  Che  proportion  of 
population  items  which  will  have 
the  given  characteristic. 

3. 1.1.5  ANALYSIS 


Example: 

a.  P  -  f/N 

-  4/10 

-  .4 

b.  Conclude  that  .4  is  the 
best  estimate  of  X,  the  fraction 
of  population  items  Chat  will 
fail. 


The  best  single  estimate  of  X  is  the  observed  proportion  of 
items  having  this  characteristic  in  a  random  sample  from  the  population; 
i.e. ,  the  number  of  sample  items  which  have  the  characteristic  divided  by 
the  total  number  of  items  in  the  sample. 


8.1.2  CONFIDENCE  INTERVAL  ESTIMATES 

8. 1.2.1  TWO-SIDED  INTERVAL  FOR  N  i  30 

8. 1.2. 1.1  OBJECTIVE 


to  bracket 
30. 


To  determine  a  two-sided  confidence  interval  which  is  expected 
X  at  the  desired  confidence  level  when  N  is  equal  to  or  less  than 


8.1. 2.1.2  DATA  REQUIRED 

N  and  the  number  of  elements  possessing  the  given  characteristic. 

8. 1.2. 1.3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 
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b.  Use  Table  B-13,  page  2-43,  Co  obtain  Che  UCL  and  LCL  which 
correspond  Co  N  and  Che  number  of  elements  possessing  Che  given  characteristic 
at  Che  dasiied  confidence  level. 

c.  Conclude  Chat  X  is  equal  Co  or  between  Che  UCL  and  LCL  at  Che 
desired  confidence  level. 


8. 1.2. 1.4  EXAMPLE 
Given: 

N  a  10  (N  £  30) 
f  -  4 

Procedure : 

a.  Choose  the  confidence 
level  (1-a). 

b.  Use  Table  B-13,  page  2-43, 

Co  obtain  Che  UCL  and  LCL  which 
correspond  Co  N  and  Che  number 
of  elements  possessing  Che  given 
characteristic  at  a  100(l-a)Z 
confidence  level. 

c.  Conclude  that  X  *  UCL  and  c.  Conclude  that  X  <  .733  and 

X  *  LCL  at  a  100(l-a)Z  confidence  X  1  .150  at  a  95?  confidence 

level.  level. 

8. 1.2. 1.5  ANALYSIS 

The  two-sided  interval  surrounds  X  such  that  X  ±  UCL  and 
X  £  LCL  at  a  100(l-a)?  confidence  level. 

8. 1.2.2  TWO-SIDED  INTERVAL  FOR  N  >  30 

8. 1.2. 2.1  OBJECTIVE 

To  determine  a  two-sided  confidence  Interval  which  is  expected 
to  bracket  X  at  the  desired  confidence  level  when  N  is  greater  than  30. 


Example : 

a.  a  ■  .05 
1-a  -  .95 

b.  For  N  -  10,  f  -  4,  and 
1-a  -  .95, 

UCL  -  .733 
LCL  -  .150 


8. 1.2. 2. 2  DATA  REQUIRED 


N  and  the  number  of  elements  possessing  the  given  characteristic. 


8. 1.2. 2. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Use  Table  B-4,  page  2-4,  to  obtain 

-  c.  Compute  P  (see  paragraph  8. 1.1. 3,  page  79). 

d.  Compute  the  UCL  and  LCL  as  follows: 

(1)  Multiply  P  by  the  quantity  (1-P). 

(2)  Divide  step  (1)  by  N. 
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8. 1.2. 3. 5  ANALYSIS 

The  one-sided  interval  surrounds  X  such  chat  X  &  OCL 
(or  X  a  LCL)  at  a  lQ0(l-o)Z  confidence  level. 

8. 1.2. 4  ONE-SIDED  INTERVAL  FOR  N  >  30 

8. 1.2. 4.1  OBJECTIVE 

To  determine  a  one-sided  confidence  interval  such  that  X  is  equal 
to  or  less  than  the  UCL  (or  equal  to  or  greater  than  the  LCL)  at  the  desired 
confidence  level  when  N  is  greater  than  30. 


8. 1.2. 4. 2  DATA  REQUIRED 

N  and  the  number  of  elements  possessing  the  given  characteristic. 

8. 1.2. 4. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Use  Table  B-4,  page  2-4,  Co  obtain  Zi_a. 

c.  Compute  P  (see  paragraph  8. 1.1. 3,  page  79). 

d.  Compute  the  UCL  (or  LCL)  as  follows: 

(1)  Multiply  P  by  the  quantity  (1-P). 

(2)  Divide  step  (1)  by  N. 

(3)  Find  the  square  root  of  step  (2). 

(4)  Multiply  step  b  by  step  (3). 

(5)  Add  step  (4)  to  P  to  obtain  the  UCL  (or  subtract  step 
(4)  from  P  to  obtain  the  LCL) . 

e.  Conclude  that  X  is  equal  to  or  less  than  the  UCL  (or  equal 
to  or  greater  than  the  LCL)  at  the  desired  confidence  level. 


8. 1.2. 4. 4  EXAMPLE 
Given: 

N  -  150  (N  >  30) 
f  -  60 

Procedure: 

a.  Choose  the  confidence 
level  (1-a) . 

b.  Use  Table  B-4,  page  2-4, 
to  obtain  Z1-a. 

c.  Compute: 


Example: 

a.  a  •  .10 

•  l-o  *  .90 

b.  Z.9o  *  1 -282 

c.  P  -  f/N 


P  -  characteristic/N 


-  60/150 

-  .40 
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d.  Compute: 


UCL  -  P+2, 


/P(l-P) 


4.  UCL  -  .40+1.282 


-  .40+1.282 


.40+1.282 


.4(1  -  .4) 
150 

.4 (.6) 


(or  LCL  -  P-Z-. 


fP(l-P) 

N 


-  .40+1.282 jJ.  0016 

-  .40+1. 282 (.04) 

-  .4O4-.05 

-  .45 

(or  LCL  -  .40  -  .05 

-  .35) 

e.  Conclude  that  X  _<  .45  (or 
X  ^  .35)  at  a  9QZ  confidence 
level . 


e.  Conclude  that  X  a  uCL  (or  e.  Conclude  that  X-<  .45  (or 

X  *  LCL)  at  a  100(l-a)Z  confi-  X  a  .35)  at  a  90Z  confidence 

dence  level .  level . 

8. 1.2. 4. 5  ANALYSIS 

The  one-aided  interval  surrounds  X  such  that  X  a  UCL 
(or  X  a  LCL)  at  a  100(l-a)Z  confidence  level. 

3.1.3  SAMPLE  SIZE  REQUIRED  TO  ESTIMATE  THE  POPULATION  PROPORTION 

8. 1.3.1  SAMPLE  SIZE  WITH  A  SPECIFIED  LIMIT  OF  ERROR  IN  BOTH  DIRECTIONS 

8. 1.3. 1.1  OBJECTIVE 

To  determine  the  Kt  required  in  order  to  state  that  X  is  equal 
to  or  between  P  +  e  and  P  -  e  at  the  desired  confidence  level. 

8. 1.3. 1.2  DATA  REQUIRED 


None . 

8. 1.3. 1.3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Choose  the  allowable  amount  of  error. 

c.  Choose  a  value  for  P  in  the  following  manner: 

(1)  If  no  prior  information  is  available  and  if  X  is 

believed  to  be  in  the  neighborhood  of  0.5,  use  P  »  0.5. 
The  largest  sample  size  will  be  required  when  P  ■  0.5, 
and  the  purpose  of  the  rules  is  to  be  as  conservative 
as  possible. 


t 


WP  3-1-005 
10  June  1971* 
CHAHGE  1 


(2)  If  X  can  safely  be  assumed  Co  be  less  than  o.5,  leC  P 
be  Che  largest  reasonable  guess  for  X. 

(3)  If  X  can  safely  be  assumed  Co  be  greater  chan  0.5,  leC 
P  be  Che  smallest  reasonable  guess  for  X. 

d.  Use  Table  B-4,  page  2-4,  to  obcaln  Z l-a/2* 

e.  Compute  Me  as  follows: 

(1)  Square  step  d. 

(2)  Multiply  P  by  the  quantity  (1-P) . 

(3)  Multiply  step  (1)  by  step  (2). 

(4)  Square  e. 

(5)  Divide  step  (3)  by  step  (4). 

(6)  Round  the  result  of  step  (5)  up  to  the  next  whole  number. 

f.  Conclude  that  Nj  samples  are  required  in  order  to  state  that 
X  is  equal  to  or  between  P  +  e  and  P  -  £  at  the  desired  confidence  level. 


8. 1.3. 1.4  EXAMPLE 
Procedure: 

a.  Choosd'  the  confidence 
level  (1-a). 

b .  Choose  c . 

c .  Choose  P . 

d.  Use  Table  B-4,  page  2-4, 
to  obtain  zl-a/2* 

e.  Compute: 

(Z1-a/2)2(P)(l-P) 


f.  Conclude  that  Ng  samples  are 
required  in  order  to  state  that 
X  £  P  +  e  and  X  a  P  -  £  at  a 
100(l-a)%  confidence  level. 


Example : 

a.  a  -  .10 

1  -<V*  ’  -95 

b.  6  *  .10 

c.  P  ■  0.5 

d.  Z.95  -  1.645 

e. 

M  _  (1.645) 2 (.5) (1-.5) 

Nt  -  - 

(.10)2 

„  (2.706) (.5)  ( .5) 

.01 

(2.706) (.25) 

__ 

.  ‘6765 

.01 

-  67.65 

-  68 

f.  If  68  samples  are  tested 
and  P  computed,  conclude  that 
X  i  P  +  .10  and  X  >  P  -  .10 
at  a  90>  confidence  level. 
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8. 1.3. 1.5  ANALYSIS 

If  Nt  samples  are  rested  and  P  is  computed,  conclude  that  A  i  P  + 
e  and  X  a  P  -  e  at  a  100(l-ct)%  confidence  level. 

8. 1.3. 2  SAMPLE  SIZE  WITH  A  SPECIFIED  LIMIT  OF  ERROR  IN  ONLY  ONE  DIRECTION 

8. 1.3. 2.1  OBJECTIVE 

To  determine  the  N(  required  In  order  to  state  that  X  Is  equal 
to  or  less  than  P  +  e  (or  equal  to  or  greater  than  P  -  t)  at  fhe  desired 
confidence  level. 

8. 1.3. 2. 2  DATA  REQUIRED 
None. 

8. 1.3. 2. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Choose  the  allowable  amount  of  error. 

c.  Choose  the  value  of  P  in  the  following  manner: 

(1)  If  no  prior  Information  is  available  and  if  X  is 
believed  to  be  in  the  neighborhood  of  0.5,  use  P  -  0.5. 
The  largest  sample  size  will  be  required  when  P  -  0.5, 
and  the  purpose  of  the  rules  is  to  be  as  conservative 
as  possible. 

(2)  If  A  can  safely  be  assumed  to  be  less  than  0.5,  let 
P  be  the  largest  reasonable  guess  for  X. 

(3)  If  A  can  safely  be  assumed  to  be  greater  than  0.5,  let 
P  be  the  smallest  reasonable  guess  for  A. 

d.  Use  Table  B-4,  page  2-4,  to  obtain  Z^. 

e.  Compute  Nt  as  follows: 

(1)  Square  step  d. 

(2)  Multiply  P  by  the  quantity  (1-P) . 

(3)  Multiply  step  (1)  by  step  (2). 

(4)  Square  e. 

(5)  Divide  step  (3)  by  step  (4). 

(6)  Round  the  result  of  step  (5)  up  to  the  next  whole  number. 

f.  Conclude  that  Nt  samples  are  required  in  order  to  state  that 
A  is  equal  to  or  less  than  P  +  s  (or  equal  to  or  greater  than  P  -  e)  at  the 
desired  confidence  level. 

8. 1.3. 2. 4  EXAMPLE 

Procedure:  Example: 

a.  Choose' the  confidence  level  a.  a  -  .10 

1-a).  1-a  ■  .90 
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b. 

Choose  e. 

b. 

c  -  .10 

c. 

Choose  P. 

c. 

P  -  0.5 

d. 

to 

Use  Table  B-4,  page  2-4, 
obtain  Z^. 

d. 

Z. 90  -  1.282 

e. 

Compute : 

e. 

(Zl^)2(P)d-P) 

V  ■■ 

Nt 

(1.282)2(0.5) (1-0.5) 

Mt 

c2 

U 

(.10)2 

_  (1.644 )(0. 5) (0.5) 

.01 

.  (1-644) (.25) 

.01 

.4110 

m 

.01 

-  41.10 

-  42 

f.  Conclude  that  Nt  samples  are  f.  If  i»2  samples  are  tested  and  P 

required  in  order  to  state  that  computed,  conclude  that  li?  ♦  *1° 

Xsp  +  eor(XaP-e)ata  at  a  90%  confidence  level. 

100(l-a)Z  confidence  level. 

8. 1.3. 2. 5  ANALYSIS 

If  N,.  samples  are  tested  and  P  is  computed,  X  £  P  +  e  (or 
X  a  P  -  e  )  at  a  100(1— a)Z  confidence  level. 

8.2  COMPARING  AN  OBSERVED  PROPORTION  (P)  TO  A  REQUIREMENT  (Xn) 

a.  An  observed  proportion  i3  generated  from  a  sample  and  is 
representative  of  X.  This  value  of  P  is  then  compared  to  a  stated  re¬ 
quirement  (Xq ) •  However,  looking  at  the  values  of  P  and  X0  to  decide  whether 
X  is  greater  than  X0  or  X  is  less  than  X0  at  a  confidence  level  is  insuffi¬ 
cient.  Since  the  decision  pertains  to  the  population,  statistical  tests  oust 
be  applied  to  P  to  determine  whether  X  is  greater  than  X0  or  X  is  less  than 
Xq  . 

b.  There  exist  two  possibilities  for  the  relationship  of 
P  to  X0.  Following  are  the  assumptions  and  the  circumstances  for  each 
possible  relationship: 

(1)  P  greater  than  X0. 

(a)  The  null  hypothesis  is  X  is  greater  than  X0. 

(b)  The  alternative  hypothesis  is  there  is  no  reason 
to  believe  X  is  greater  than  Xo. 

(c)  The  use  of  this  test  is  appropriate  when  X0  is  a 
maximum  value  for  X  to  satisfy.  In  the  event  that 
X  must  not  be  greater  than  X0,  this  test  would  be 
appropriate. 
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(2)  P  Is  less  Chan  Xo. 

(a)  The  null  hypothesis  Is  X  Is  less  than  Xo. 

(b)  The  alternative  hypothesis  Is  there  is  no  reason 
to  believe  X  is  less  than  Xo. 

(c)  The  use  of  this  test  is  appropriate  when  Xo  is  a 
nH n-< mum  value  for  X  to  satisfy.  In  the  event  that 
X  must  meet  or  exceed  Xo ,  this  test  would  be 
appropriate. 

8.2.1  P  GREATER  THAN  X0 

8. 2. 1.1  SMALL  SAMPLE  SIZE 


8. 2. 1.1.1  OBJECTIVE 

To  determine  whether  X  is  greater  than  X0  at  the  desired  con¬ 
fidence  level  when  N  is  equal  to  or  less  than  30. 


8. 2. 1.1. 2  DATA  REQUIRED 
Success-failure  data. 

8. 2. 1.1. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Use  Table  B-14,  page  2-50,  to  obtain  the  LCL  which  corresponds 
to  N  and  the  number  of  elements  possessing  the  given  characteristic  at  the 
desired  confidence  level. 


c.  If  X0  is  less  than  the  LCL,  decide  that  X  is  greater  than  X0; 
otherwise,  there  is  no  reason  to  believe  X  is  greater  than  X0  at  the  desired 
confidence  level. 


8. 2. 1.1. 4  EXAMPLE 
Given: 


H  -  20  (N  *  30) 
f  -  3 
X0  -  .100 

Procedure: 

a.  Choose  the  confidence 
level  (1-a). 

b.  Use  Table  B-14,  page  2-50, 

to  obtain  the  LCL  which  corresponds 
to  N  and  the  number  of  elements 
possessing  the  given 
characteristic  at  a  100(l-a)% 
confidence  level. 


Example : 

a.  a  *  .05 
1-a  -  .95 

b.  For  1-a  •  .95,  N  -  20,  and 
N-f  *  17 ,  the  tabled  value  is 
.958.  This  must  be  subtracted 
from  1;  hence, 

LCL  -  1  -  .95.S 
-  .042 
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c.  If  X0  <  LCL,  decide  that  X  >  X0j j  »;  (  •  c.  Since  .100  /  .042,  decide 


otherwise,  there  is  no  reason  to 
believe  X  >  X0  at  a  100(l-o)% 
confidence  level. 


that  there  la  no  reason  to  believe 
X  >  .100  at  a  95Z  confidence  level. 


confidence  levei..  i  <  .* 

«■  if  • 

8. 2. 1.1. 5  ANALYSIS  M 

If  X0  <  LCL,  the  null  hvpotftesia  that  X  >  X0  is  accepted; 
otherwise,  there  is  no  reason  to  believe,  X  >  X0  at  a  10Q(l-a)Z  confidence 
level .  . 

- 

8. 2. 1.2  LARGE  SAMPLE  SIZE 


8. 2. 1.2.1  OBJECTIVE 


% 

<■  • 


To  determine  whether  fcris  greater  than  XQ  at  the  desired  con¬ 
fidence  level  when  N  is  greater  than  30. 

i 

8. 2. 1.2. 2  DATA  REQUIRED  '  . 


Success-failure  data. 


8. 2. 1.2. 3  PROCEDURE 

*  a.  Choose  the  desired  confidence  level. 

b.  Compute  Z  as  follows: 

(1)  Multiply  X0  by  N. 

(2)  Subtract  step  (1)  from  the  number  of  items  having  the 
given  characteristic. 

(3)  Add  .5  to  step  (2). 

(4)  Multiply  the  quantity  (1— X0 )  by  step  (1). 

(5)  Divide  step  (3)  bfl  the  square  root  of  step  (4) . 

c.  Use  Table  B-4,  page  2-4,  to  obtain  Z;^,  which  is  the  UCL. 

d.  If  Z  is  greater  than  the  UCL,  decide  that  X  is  greater  than 
X0;  otherwise,  there  is  no  reason  to  believe  X  is  greater  than  X0  at  the 
desired  confidence  level. 


8. 2. 1.2. 4  EXAMPLE 
Given: 

N  -  100  (N  >  30) 
f  -  7  4 

A0  ■  .06 

Procedure:  Example: 

a.  Choose  the  confidence  a.  a  »  .10 

level  ( l—o )  •  1-a  ■  .90 
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b.  Compute: 

f-NX0+.5 
Z  .  - 

J  NX0<1-X0) 


z  _  7-100 (.06)+. 5 

100(.06)(l-.06) 

7-6+.50 

J  6  (.94) 

1.50 


.  i*50 

*  2.375 
-  .633 

c.  Use  Table  B-4,  page  2-4,  c.  Z.9Q  ■  1.282 

to  obtain  Z^,  UCL  m  ^282 

nCL  -  Zi  _  a 

d.  If  Z  >  UCL.  decide  that  d.  Since  .633  /  1.282,  decide 

•X  >  X0 ;  otherwise,  there  is  that  there  is  no  reason  to  believe 

no  reason  to  believe  X  >  Xo  X  >  .06  at  a  90Z  confidence  level, 

at  a  100(l-a)Z  confidence  level. 

8. 2. 1.2. 5  ANALYSIS 

If  Z  >  UCL,  the  null  hypothesis  that  X  >  X0  is  accepted;  other¬ 
wise,  there  is  no  reason  to  believe  X  >  X0  at  a  100.(l-a)%  confidence  level. 

8.2.2  P  LESS  THAN  Xo 


8. 2. 2.1 


P  LESS  THAN  Xo 
SMALL  SAMPLE  SIZE 


8. 2. 2. 1.1  OBJECTIVE 

To  determine  whether  X  is  less  than  X0  at  the  desired  confidence 
level  when  N  is  equal  to  or  less  than  20. 

8. 2. 2. 1.2  DATA  REQUIRED 


8. 2. 2. 1.2  DATA  REQUIRED 
Success-failure  data. 

8. 2. 2. 1.3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Use  Table  B-14,  page  2-50,  t0  obtain  the  UCL  which 
corresponds  to  N  and  the  number  of  elements  possessing  the  given  character¬ 
istic  at  the  desired  confidence  level. 

c.  If  X0  is  greater  than  the  UCL,  decide  that  X  is  less  than 
X0;  otherwise,  there  is  no  reason  to  believe  X  is  less  than  X0  at  the  desired 
confidence  level. 

8. 2. 2. 1.4  '  EXAMPLE 

Given: 


20  (N  at  30) 
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Procedure : 

a.  Choose  Che  confidence 
level  (1-a). 

b.  Use  Table  B-14,  page  2-50, 

Co  obcaln  Che  UCL  which  corres¬ 
ponds  Co  N  and  Che  number  of 
eleoencs  possessing  Che  given 
characCerlsClcs  ac  a  100(l-a)Z 
confidence  level. 

c.  If  A0  >  OCL,  decide  ChaC 
A  <  A0 ;  ocherwlse,  Chere  Is 
no  reason  Co  believe  X  <  Ao 

ac  a  100(l-a)Z  confidence  level. 


Example: 

a.  a  ■  .05 
1-a  -  .95 

b.  For  1-a  »  .95,  N  -  20,  and 
f  -  3, 

OCL  -  .344 


c.  Since  .200  i  .344,  decide 
ChaC  Chere  Is  no  reason  Co 
believe  1  <  .200  ac  Che  95Z 
confidence  level. 


8. 2. 2. 1.5  ANALYSIS 

If  Xo  >  UCL,  Che  null  hypoehesis  ChaC  X  <  X0  Is  accepced; 
ocherwlse,  chere  Is  no  reason  Co  believe  X  <  Xo  ac  a  100 (1-a )Z  confidence 
level.  » 


8. 2. 2. 2  LARGE  SAMPLE  SIZE 
8. 2. 2. 2.1  OBJECTIVE 

To  decermlne  whecher  X  Is  less  chan  Xo  ac  Che  desired  confidence 
level  when  N  Is  greaCer  Chan  30. 


8. 2. 2. 2. 2  DATA  REQUIRED 
Success-failure  daCa. 

8. 2. 2. 2. 3  PROCEDURE 

a.  Choose  Che  desired  confidence  level. 

b.  Compuce  Z  as  follows: 

(1)  MulCiply  X0  by  N. 

(2)  SubCracC  seep  (1)  from  Che  number  of  icems  having  Che 
given  characCerlsdc. 

(3)  SubCracC  .5  from  sCep  (2). 

(4)  MulCiply  Che  quandCy  (1-A0)  by  sCep  (1). 

(5)  Divide  sCep  (3)  by  Che  square  rooC  of  seep  (4). 

c.  Use  Table  B-4,  page  2-4,  Co  obcaln  Z&,  which  is  Che  LCL. 

d.  If  Z  is  less  Chan  Che  LCL,  decide  chac  X  is  less  chan  X0; 
ocherwlse,  chere  is  no  reason  Co  believe  X  is  less  chan  Xo  ac  Che  desired 
confidence  level. 

8. 2. 2. 2. 4  EXAMPLE 
Given: 

N  -  100  (N  >  30) 
f  -  7 
A0  .08 
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Procedure : 

a.  Choose  the  confidence 
level  (1-a). 

b.  Compute: 


c.  Use  Table  B-4,  page  2-4, 
to  obtain  Za. 

LCL  -  Zq, 

d.  If  Z  <  LCL,  decide  that 
X  <  X0;  otherwise,  there  is 
no  reason  to  believe  X  <  Xo 

at  a  100 (1-a) Z  confidence  level. 


Example: 

a.  a  »  .10 
1-a  -  .90 

b. 


2.71 
-  -.554 

c.  Z^  jo  *  **1»282 
LCL  -  -1.282 

d.  Since  -.554  jf  -1.282,  decide 
that  there  is  no  reason  to 
believe  X  <  .08  at  a  90Z 
confidence  level. 


8. 2. 2. 2. 5  ANALYSIS 

If  Z  <  LCL,  the  null  hypothesis  that  X  <  X0  is  accepted;  other¬ 
wise,  there  is  no  reason  to  believe  X  <  X0  at  a  100(l-a)Z  confidence  level. 


8.2.3  DETERMINATION  OF  SAMPLE  SIZE 


8. 2. 3.1  OBJECTIVE 

To  determine  the  Nt  required  to  determine  whether  X  is  equal 
to  or  greater  than  X0  +  e  (or  equal  to  or  less  than  x0  -  e)  at  the  desired 
confidence  level. 


8. 2. 3. 2 


ments  Document . 


DATA  REQUIRED 


X0  which  is  known  from  a  standard  item,  history,  or  Requlre- 


8. 2. 3. 3  PROCEDURE 

a.  Choose  a  and  8,  the  probabilities  of  making  Type  I  and  Type  II 
errors  respectively. 


b.  Choose  the  allowable  amount  of  error. 

c.  Estimate  the  test  item  proportion  by  adding  e  to  X0  (or 
subtracting  e  from  X0). 
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d.  Use  Table  B-15.  page  2-54,  to  obtain  9^,  which  corresponds 
to  XQ,  and  80,  which  corresponds  to  X. 

e.  Compute  d2,  an  intermediate  value,  as  follows: 

(1)  Subtract  90  from  9}. 

(2)  Square  Step  (1) . 

f.  Use  Table  B-4,  page  2-4,  to  obtain  Zl-a  and  Zi_g. 

g.  Compute  Ng  as  follows: 

(1)  Add  Zi^  to  Zug. 

(2)  Square  step  (1). 

(3)  Divide  step  (2)  by  step  e. 

(4)  Round  step  (3)  to  the  next  larger  whole  number. 

h.  Conclude  that  samples  are  required  to  determine  whether 
X  is  equal  to  or  greater  than  Xo  +  e  (or  equal  to  or  less  than  X0  -  e)  at 
the  desired  confidence  level. 


8. 2. 3. 4  EXAMPLE 
Given: 

*0  *  «4l 

Procedure : 
a.  Choose  a  and  8. 


b .  Choose  e . 

c.  Estimate  X  as  follows: 

X  ■  X0  ♦  e 

d.  Use  Table  B-15,  page  2-5**, 

to  obtain  9  j ,  which  corresponds  to 
X0 ,  and  90,  which  corresponds  to  X. 


e.  Compute: 

d2  «  (e0-ex)2 


f.  Use  Table  B-4,  page  2-4, 
to  obtain  Z1-a  and  Zi_g. 


Example: 

a.  a  *  .05 
1-a  -  .95 
8  -  .20 


1-8 

• 

OO 

0 

c  ■ 

.23 

c.  x  ■ 

.41  +  .23 

m 

.64 

d.  For 

X0  »  .41, 

9i  -  1.39 
For  X  »  .64, 

90  -  1.85 

e.  d2  -  (1.85-1.39)2 

-  (.46) 2 

-  .2116 

f.  Z.95  -  1.645 
Z  go  ■  .840 
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g.  Compute: 


N 


t 


(Zl-a+Zl-g)2 

12 


h.  Conclude  that  Ng  samples  are 
required  to  determine  whether 
X  a  X0  +  e  (or  X  £.  X0  -  c)  at  a 
I00(l-a)%  confidence  level. 


_  (1.645+.840)2 
*  .2116 

_  (2.485)2 
.2116 

6.1752 
"  .2116 

-  29.18 

-  30 

h.  Conclude  th&t  30  samples 
for  XQ  known  and  equal  to  .Ll 
must  be  tested  in  order  to 
determine  whether  X  a  X0  +  .23 
at  a  95%  confidence  level. 


8.2. 3. 5  ANALYSIS 

Nt  samples  are  required  to  determine  whether  X  1  X0  +  e  (or 
X  &  Xo  -  e)  at  a  100(l-a)%  confidence  level. 

8.3  COMPARING  TWO  OBSERVED  PROPORTIONS 

a.  An  observed  proportion  is  generated  from  a  sample  and  is 
representative  of  X.  This  value  of  P  is  then  required  to  meet  a  standard 
item  P  which  is  representative  of  the  standard  item's  population.  Looking 
at  the  values  of  the  proportions  (PA  and  PB)  to  decide  whether  XA  is 
greater  than  Xg  or  XA  is  less  than  Xg  at  a  confidence  level  is  insufficient. 
Since  the  decision  pertains  to  the  populations,  statistical  tests  must  be 
applied  to  determine  whether  XA  is  greater  than  Xg  or  XA  is  less  than  Xg. 

The  statistical  tests  use  the  sample  proportions  as  estimates  of  the 
population  proportions. 

b.  Type  A  generally  represents  the  test  item  and  Type  B  the 
standard  item  when  testing  the  hypothesis  that  XA  is  greater  than  Xg.  How¬ 
ever,  to  prove  that  the  average  performance  of  the  test  item  is  less  than 
that  of  the  standard  item.  Type  A  must  represent  the  standard  item  so  that 
the  hypothesis,  XA  is  greater  than  Xg,  can  be  tested. 

c.  When  the  null  hypothesis  is  XA  is  greater  than  Xg,  the 
alternative  hypothesis  is  there  is  no  reason  to  believe  that  XA  is  greater 
than  Xg. 

d.  The  use  of  this  test  is  appropriate  when  Xg  is  a  maximum 
value  for  XA  to  satisfy. 

8.3.1  •'  PA  GREATER  THAN  Pfi 


8. 3. 1.1  SMALL  SAMPLE  SIZE 
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To  determine  whether  Xa  greater  than  Xg  at  the  desired  con¬ 
fidence  level  when  neither  %  nor  Ng  is  greater  than  20. 

8. 3. 1.1. 2  DATA  REQUIRED 
Success-failure  data. 

8. 3. 1.1. 3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Arrange  the  data  as  in  Table  A-Aa,  Part  I,  page  1-11. 

c.  Focus  on  the  class  of  interest  and  compute  the  following 
intermediate  values: 

(1)  hA>  Che  ratio  of  the  class  of  interest  to  the  sample 
sl2e  for  Type  A;  i.e.,  h^  *  Ia/^A  or  **A  "  ^A^A* 

(2)  hB,  the  ratio  of  the  class  of  Interest  to  the  sample 

size  for  Type  B;  i.e.,  hg  »  Ig/Ng  or  hg  -  Ilg/Ng. 

d.  If  h^  is  greater  than  hg,  continue  with  step  e;  however, 

if  h^  is  not  greater  than  hg,  decide  that  the  data  give  no  reason  to  believe 
that  Xa  is  greater  than  Xg  at  the  desired  confidence  level. 

e.  Arrange  the  data  so  that  the  results  of  the  larger  sample 
are  in  the  first  row  (see  Table  A-Aa,  Part  II,  page  1-11. 

f.  Compute  the  following  intermediate  values: 

(1)  hi,  the  ratio  of  class  I  to  the  sample  size  for  the 
item  having  the  larger  sample  size;  i.e.,  hi  *  Ii/Ni. 

(2)  h2 ,  the  ratio  of  Class  I  to  the  sample  size  for  the 
item  having  the  smaller  sample  size;  i.e.,  h2  ■  I2/N2. 

(3)  gi,  the  ratio  of  class  II  to  the  sample  size  for  the 
item  having  the  larger  sample  size,  i.e.,  gi  -  IIi/Nj.'n 

(A)  g2,  the  ratio  of  class  II  to  the  sample  size  for  the  »' 

item  having  the  smaller  sample  size;  i.e.,  g2  *  II2/N2. 

g.  Focus  attention  on  that  class  (I  or  II)  which  produces  a 
proportion  for  the  larger  sample  which  is  larger  than  or  equal  to  the 
respective  proportion  for  the  smaller  sample.  Depending  on  the  class  chosen, 
let  Ii  (or  IIt)  equal  aj,  an  intermdeiate  value,  and  I2  (or  II2)  equal  a2 , 

an  intermediate  value. 

h.  Use  Table  B-16,  page  2-55,  to  obtain  a  tabled  a2  which 
corresponds  to  the  two  sample  sizes  and  aj  at  the  desired  confidence  level. 

i.  If  a2  from  step  g  is  less  than  or  equal  to  the  table  a2 , 
decide  that  Xa  is  greater  than  XB  with  regard  to  the  class  of  interest; 
otherwise,  there  is  no  reason  to  believe  Xa  is  greater  than  Xg  at  the  desired 
confidence  level. 

8. 3. 1.1. A  EXAMPLE 


Given : 

Sample  data  at  Table  A-Aa,  Part  I,  page  1-11. 
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Procedure: 

a.  Choose  Che  confidence 
level  (1-a). 

b.  Arrange  Che  daca. 

c.  Focus  on  the  class  of 
inceresc  and  compute  one 
of  Che  following: 

(1)  Class  I. 
hA  " 

hB  “  Ib/NB 

(2)  Class  II 

hA  "  «A/»A 
hg  ■  Ilg/Ng 

d.  If  hx  >  hg,  conCinue  with 

step  e.  If  hA  i  hg,  decide  chac  Che 
daca  give  no  reason  to  believe  thaC 
Ax  is  greater  chan  Ag  with  respect 
Co  Che  class  of  interest  at  a 
100(l-a)2l  confidence  level. 

e.  Arrange  Che  daca  so  Chat 
the  results  of  Che  larger  sample 
are  in  Che  first  row. 

f.  Compute: 
hi  -  I1/N1 
1*2  ■  I2/N2 

81  -  Hl/Hl 

82  *  II2/N2 


Example: 

a.  a  -  .05 
1-a  -  .95 

b.  See  Table  A-4a,  Part  I, 
page  1-11. 

c.  Focus  on  class  II. 
hA  -  2/6 

-  .333 
■  .3 

hB  *  2/l0 

-  .200 
-  .2 

d.  Since  .3  >  .2,  continue 
with  step  e. 


e.  See  Table  A-4a,  Part  II, 
page  1-11. 

f.  hj  -  8/10 

-  .800 
-  .8 
h2  -  V 6 

-  .667 

■  .7 

81  ’  2/l0 

-  .200 
-  .2 

82  -  2/ 6 

-  .333 

■  .3 
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g.  (1)  If  hi  a  h2,  focus 
attention  on  daae  I  with 

*1  -  II 

*2  "  I2 

(2)  If  gi  a  g2,  focua 
attention  on  class  II  with 

*1  "  Hi 
a2  ■  II2 

h.  Use  Table  B-16,  page  2-55, 
to  obtain  a  tabled  a2  which 
corresponds  to  Nj,  N2,  and  ai 
at  a  100(l-a)Z  confidence 
level . 

NOTE:  Since  this  is  a 

one-sided  test,  use 
the  a  which  is  not 
in  parentheses. 

* 

i .  If  a2  a  the  cable  value  of 
a2  from  step  h,  decide  that 
XA  >  Xg  with  respect  to  the 
original  class  of  interest; 
otherwise,  there  is  no  reason 
to  believe  XA  >  Xg  with 
respect  to  the  original  class 
of  interest  at  a  100(l-a)Z 
confidence  level. 

8. 3. 1.1. 5  ANALYSIS 

If  a2  -4  table  value  of  a2 ,  the  null  hypothesis  that  XA  >  Xg  is 
accepted;  otherwise,  there  is  no  reason  to  believe  XA  >  Xg  at  a  100(l-a)Z 
confidence  level.  In  the  event  that  the  confidence  level  desired  is  not 
within  the  scope  of  Table  B-16,  page  2-55,  the  test  for  the  large  sample  size 
must  be  applied.  The  results  will  not  be  as  accurate  but  will  still  be 
useful.  In  the  event  that  aj  or  a2  or  both  are  missing  for  the  given  sample 
sizes  and  confidence  level  in  Table  B-16,  page  2-55,  conclude  that  the 
sample  sizes  are  considered  insufficient  for  accepting  or  rejecting  the 
null  hypothesis. 

8. 3. 1.2  LARGE  SAMPLE  SIZE 

8. 3. 1.2.1  OBJECTIVE 

To  determine  whether  XA  is  greater  than  Xg  at  the  desired  con¬ 
fidence  level  when  either  NA  or  Ng  is  greater  than  20. 

8. 3. 1.2. 2  DATA  REQUIRED 
Success-failure  data. 


CHARGE  1 

g.  Since  .8  >  .7,  focus 
attention  on  class  I. 

*1  -  8 
a2  *  4 


h.  For  Nx  -  10,  N2  -  6, 

aj  -  8,  and  a  -  .05, 
the  tabled  a2  “  1. 


i.  Since  4  >  1,  decide 
that  there  is  no  reason 
to  believe  XA  >  Xg 
with  respect  to  the  number 
of  failures  at  a  95Z  confi¬ 
dence  level. 
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8. 3. 1.2. 3  PROCEDURE 

a.  Choose  Che  desired  confidence  level. 

b.  Use  Table  B-7,  page  2-12.  to  obtain  X2  for  1  d.f. 

’  2a 

c.  Add  %  Co  Ng  Co  obtain  TN,  an  Intermediate  value. 

d.  Compute  AB,  an  Intermediate  value,  as  follows: 

(1)  Multiply  Ia  by  Ilg. 

(2)  Multiply  Ig  by  IIa* 

(3)  Subtract  step  (2)  from  step  (1)  and  take  the  absolute 
value  of  the  difference  (disregard  the  sign) . 

e.  Compute  J,  an  Intermediate  value,  as  follows: 

(1)  Add  Ia  to  Ig  to  obtain  Ti,  an  intermediate  value. 

(2)  Add  IIA  to  Ilg  to  obtain  Tu  ,  an  intermediate  value. 

(3)  Multiply  Na,  Ng,  Tj,  and  Tjx  together. 

f .  Compute  X2  as  follows : 

(1)  Divide  step  c  by  2. 

(2)  Subtract  step  (1)  from  step  d. 

(3)  Square  step  (2) . 

(4)  Multiply  step  (3)  by  step  c. 

(5)  Divide  step  (4)  by  step  e. 

g.  Focus  on  the  class  of  interest  and  compute  the  following 
intermediate  values: 

I  (1)  hA,  the  ratio  of  the  class  of  interest  to  the  sample 

size  for  Type  A;  l.e.,  hA  *  WNA  or  bA  *  **A/NA. 

(2)  hg,  the  ratio  of  the  class  of  interest  to  the  sample 
size  for  Type  B;  i.e.,  hg  -  Ig/Ng  or  hg  -  Ilg/Ng. 

h.  If  x2  is  greater  than  or  equal  to  X  for  1  d.f.  and  hA  is 

larger  than  hg  ,  decide  that  \\  is  greater  than  Ag  with  regard  to  the  class 
of  interest;  otherwise,  there  is  no  reason  to  believe  Aa  is  greater  than  Ag 
at  the  desired  confidence  level. 


8. 3. 1.2. 4  EXAMPLE 
Given: 


Procedure : 


Sample  data  at  Table  A-4b,  page  1-11. 

Example: 


a.  Choose  the  confidence 
level  (1-a ) . 

b.  Use  Table  B-7,  page  2-12, 

to  obtain  x2  for  1  d.f. 

2a 

c.  Compute: 

tn  -  na+nb 


a.  a  *  .10 
1-a  -  .90 

b.  x2 .20  for  1  d.f.  »  1.64 


c.  Tn  -  216  +  216 


1 
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d.  Compute: 

*q  «  II  II  _  I  II  I 
“'ABBA1 


e.  Compute: 

J  -  (Na)  (Ti)  (Tn)  (N0) 

f.  Commute: 

X2  ,  TH(AB  -  TN/2)2 
J 


NOTE:  The  formula  for  x2 

has  been  broken  down 
for  simplicity  and 
the  complete  formula  is 

(NA+Nb)  (  |iaiib-ibiia|- 

,  2  »  _  - 

'  (NA)(IA+IB)(HA+IIb)(»b) 

g.  Focus  on  the  class  of  interest  and 
compute  one  of  the  following: 

(1)  Class  I 

hA  -  WnA 
hB  *  IB/NB 

(2)  Class  II 

hA  “  nA/NA 

hB  -  HB/NB 

h.  If  x2  £  X2  t°T  1  411,1 

2a 

h.  >  ha,  decide  that  XA  >  Xg 

with  regard  to  the  class  of 
interest;  otherwise,  there  is 
no  reason  to  believe  X A  >  Xg 

at  a  100(l-o)J  confidence  level. 


-  |  (181) (56)-C160) (35) ! 

-  10,136-5,600  I 

-  4,536 

-  (216) (341) (91) (216) 

-  (73,656) (91) (216) 

-  1,447,782,336 

*  *32(4536-216)2 
"  1,447,782,336 

_  432 (4, 320) 2 

*  1,447,732,336 

_  432(18,662,400) 

*  1,447,782,336 

,  8,062,156,800 
“  1,447,782,336 

-  5.5686 

-  5.57 


Focus  on  class  I. 
hA  -  181/216 

-  .83796 

-  .838 

hB  -  160/216 

-  .74074 


h.  Since  5.57  a  1.64  and 
.838  >  .741,  decide  that  the 
proportion  of  hits  £0-  XA  >  \B 
at  a  90X  confidence  level. 
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8. 3. 1.2. 5  ANALYSIS 

If  X2  *  x23  f°r  I  d.f.  and  >  hg,  the  null  hypothesis  that 
XA  >  *B  Is  accepted;  otherwise,  there  is  no  reason  to  believe  Xa  >  Xg  at  a 
100(l-a)Z  confidence  level.  The  sample  size  for  Pa  or  Pg  must  exceed  20.  If 
the  confidence  level  desired  is  unavailable  for  PA  and  Pg  less  than  20,  the 
chi-square  test  will  be  used  to  test  Xa  >  Xg. 


8.3.2 

DETERMINATION  OF  SAMPLE  SIZE 

8.3.2. 1 

OBJECTIVE 

To  determine  the  N^  (N£*NA_Ng)  required  to 
is  equal  to  or  greater  than  Xg  +  e  (or  equal  to  or  less 
desired  confidence  level. 

determine  whether  XA. 
than  Xg  -  e)  at  the 

8. 3. 2. 2 

DATA  REQUIRED 

None. 

8. 3. 2. 3 

PROCEDURE 

a.  Choose  a  and  3,  the  probabilities  of  making  Type  I  and  Type  II 
errors  respectively. 

b.  Choose  the  allowable  amount  of  error. 

c.  Estimate  one  of  the  proportions,  either  Pa  or  Pg. 

Make  this  estimate  as  close  to  0.5  as  is  reasonable. 


d.  Compute  the  other  proportion  as  follows: 


(1)  If  PA  is  estimated,  subtract  step  b  from  PA  to  obtain  Pg. 

(2)  If  Pg  is  estimated,  add  step  b  to  Pg  to  obtain  Pa- 

e.  Use  Table  B-15,  page  2-54,  t0  obtain  8A,  which  corresponds 
to  PA»  and  8g,  which  corresponds  to  Pg. 

f.  Compute  d2 ,  an  intermediate  value,  as  follows: 

(1)  Subtract  8g  from  8A* 

(2)  Square  step  (1). 

g.  Use  Table  B-4,  page  2-4,  to  obtain  Zj-c  and  Zj-g^ 

h.  Compute  n,  an  intermediate  value,  as  fellows: 

(1)  Add  to  Zj_g, 

(2)  Square  step  (1). 

(3)  Divide  step  (2)  by  step  f.  * 

(4)  Round  step  (3)  up  to  the  next  whole  number. 

i.  Multiply  step  h  by  2  to  obtain  Nf 

j.  Conclude  that  Nt  samples  are  required  to  determine  whether 
XA  is  equal  to  or  greater  than  Xg  +  e  (or  equal  to  or  less  than  Xg  -  e)  at 
the  desired  confidence  level. 
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(c)  Compute  the  mean  of  the  heights  (HEIGHT) . 

(d)  Compute  the  mean  time. 

(3)  List  the  MPI  as  the  mean  easting  and  mean  northing  (EAST1, 
NORTH)  and  the  POB  as  the  mean  easting,  mean  northing, 
and  mean  height  (2a3t,  NORTH,  hFTgST)  . 

(4)  Compute  the  miss  distance  (m)  for  the  MPI  as  follows: 

(a)  Subtract  the  EAST  from  the  AP  easting  (EAST^). 

(b)  Square  step  (a).  A* 

(c)  Subtract  the  7JUKTH  from  the  AP  northing  (NORTH^). 

(d)  Square  step  (c).  A 

(e)  Add  step  (b)  to  step  (d)  and  find  the  square  root. 

(5)  Compute  m  and  the  miss  time  for  the  Pd3  as  follows: 

(a)  Subtract  the  EAST  from  the  EAST^. 

(b)  Square  step  (a) . 

(c)  Subtract  the  NORTH  from  the  NORTH  . 

(d)  Square  step  (c) . 

(e)  Subtract  the  HEIGHT  from  the  AP  height  (HEIGHT  ) . 

(f)  Square  step  (e) . 

(g)  Add  step  (b)  to  step  (d). 

*  (h)  Add  step  (g)  to  step  (f)  and  find  the  square  root 

to  obtain  the  m. 

(i)  Subtract  the  set  time  from  the  mean  time  to  obtain 
the  miss  time. 

b.  Case  II:  Missile  systems  (limited  sample). 

(1)  Plot  each  point  of  impact  or  point  of  burst  relative 
to  its  AP  and  determine  the  distance  over  or  short  and 
the  dlstauce  right  or  left. 

(2)  Compute  the  mean  AP  using  all  of  the  AP  coordinates  in 
a  given  range  band. 

(3)  Plot  the  points  of  impact  or  points  of  burst  relative 
to  the  mean  AP,  using  the  distances  from  step  (1). 

(4)  Compute  the  MPI  or  POB  and  mean  time  for  the  points 
relative  to  the  mean  AP . 

(5)  Compute  m  for  MPI  the  same  as  for  a  cannon . 

(6)  Compute  m  and  the  miss  time  for  the  POB  the  same  as  for 
a  cannon. 

9.1.4  EXAMPLE 

a.  Case  I:  Cannon. 

Given : 

AP:  (2784,3501) 

Sample  data  at  Table  A-la,  page  1-1. 

Procedure:  Example: 

(1)  Compute  the  following  for  (1)  (a)  iiAST  -  2565.67 

the  MPI:  -  2566 

(a)  EAS^ 
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(b)  NORTH 

(2)  Compute  the  following  for 
the  £66: 

(a)  ISST 

(b)  tkMH 

(c)  IEIgST 

(d)  Mean  time 

(3)  List  the  following: 

(a)  MPI:  (1E3T,  tfOkH) 

(b)  1751:  (EAST,  NORM,  HEIGHT) 

(4)  For  the  MPI,  compute: 

m  ■/(  EASTap-EAST ) 2+ ( WORTH ^p-NORTH ) : 


(b)  S55TE  -  3256.47 
-  3256 


(2) 


(3)  MPI:  (2566,3256) 


(4) 


B^/  (2784-2565. 67)2+(3501-3256.47)2 
(218.33)2+(244.53)2 


47668+59795 


y - 

«/l07,463 


327.82 

328 


(5) 


(5)  For  the  75S,  compute: 

(a)  m  (EAST^-SaST) 2+ (NORTH^-NORTH) 2+(HEIGHTAp-HE Icifr)2 

(b)  misa  time  -  mean  time  -  set  time. 

b.  '"are  II.  Missile  systems  (limited  sample). 

'--_''en: 

Sample  data  at  Table  A-5a,  page  1-12. 


Procedure: 

(1)  Plot  each  point  relative 
to  its  A P. 


(2)  Compute  the  mean  AP. 


(3)  Plot  each  point  relative 
to  the  mean  AP 


Example : 

(1)  (a)  (2350,3100) 

(b)  (1649,2031) 

See  Table  A-5a,  page  i_i2 
for  complete  list. 


(2)  EAST,-  -  21548/10 

-  2155 

NORTH-  **  22091/10 
**  m  2209 

(3)  (a)  (2005,2304) 

(b)  (2267,  2415) 

See  Table  A-5a,  page  1-12, 
for  complete  list. 


-104- 


—  •••  ,i 


HIP  3-1-005 
10  June  I97U 
CHANGE  1 


(4)  MPI:  (2148,2274) 

IaSt  -  21482/10 

-  2148.20 

-  2148 

NORfff  -  2274j/1Q 

-  2274.30 

-  2274 

(5) 

(2154 . 80-2148 . 20)2+(2209 ~ 10^2274 . 30) - 
yj(  6.60)2+(65.20)2 
„  ^43.56+4251.04 

* 

-  65.53 

m  66 

(6)  For  the  POB,  compute:  (6) 

(a)  m  mjJ{ EAST^-EAST )  2+  ( NORTH ^p-NORTH )  *+  (HEIGHT^p- HEIGHT ) 2 

(b)  miss  time  -  mean  time  -  set  time 

9.1.5  ANALYSIS 

_  a.  The  miss  distance  is  the  distance  that  the  MPI  or  the 

POB  r.issed  the  AP  and  describes  the  accuracy  of  the  test  item.  The  smaller 
the  miss  distance,  the  better  the  accuracy  of  the  test  item.  The  miss 
distance  must  be  compared  to  the  stated  requirement  to  determine  whether  the 
requirement  was  met. 

b.  Due  to  sampling  techniques  used  for  missiles,  an  average 
AP  must  be  determined  within  a  range  band.  The  miss  distance  is  the  distance 
that  the  MPI  or  POB  (relative  to  the  average  AP)  missed  the  average  AP.  The 
miss  distance  must  be  compared  to  the  stated  requirement  to  determine  whether 
the  requirement  was  met.  Unless  the  sample  size  is  at  least  six,  conclusions 
for  accuracy  cannot  be  drawn  with  any  reasonable  level  of  confidence. 

9-2  PRECISION 

9.2.1  PROBABLE  ERROR  COMPUTATION 

9. 2. 1.1  STANDARD  DEVIATION  METHOD 
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9. 2. 1.1.1  OBJECTIVE 

To  obtain  the  system  PE  and  each  subsystem  PE  using  the  standard 
deviation  method. 


9. 2. 1.1. 2  DATA  REQUIRED 

A  list  of  sample  readings. 

9. 2.1. 1.3  PROCEDURE 

a.  Compute  a,  (see  paragraph  7. 1.1.3,  page  64) 

b.  Multiply  step  a  by  .6745  to  obtain  PE. 


9. 2. 1.1. 4  EXAMPLE 
Given: 

Sample  data  at  Table  A-5b 

Procedure: 
a.  Compute: 


b.  PE  •  0.6745(a). 


page  1-13. 

Example: 

a. 

38,650.00 
16-1 

38,650.00 
15 

•/n/2,576.67 

-  50.76 

-  51 

See  paragraph  7. 1.1. 4,  page  65 
for  computations. 

b.  PE  -  0.6745(50.76) 

-  34.24 

-  34 


9. 2. 1.1. 5  ANALYSIS 

The  PE  is  a  measure  of  deviation  from  u  such  that  50Z  of  the 
observations  may  be  expected  to  lie  between  y  -  PE  and  y  +  PE.  This  method 
is  the  best  estimate  of  the  population  PE(t)  unless  a  trend  exists  which 
can  be  attributed  to  a  non-system  condition,  such  as  weather,  in  which  case* 
use  of  the . successive  differences  method  is  the  best  approach.  A  test 
comparing  the  two  methods  of  computing  PE  can  be  made  to  determine  whether 
a  trend  did  exist  but  was  not  evident  (see  paragraph  9. 2. 1.3,  page  108, 
for  details). 
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9.2. 1.2  SUCCESSIVE  DIFFERENCES  METHOD 

9. 2. 1.2.1  OBJECTIVE 

To  determine  Che  system  PE  and  each  subsystem  PE  using  the 
successive  differences  method  when  there  Is  a  suspected  trend. 

9. 2. 1.2. 2  DATA  REQUIRED 

A  list  of  sample  readings. 


9. 2. 1.2. 3  PROCEDURE 


readings. 


a.  Compute  the  differences  (x^  *  x^  -  x^^)  between  consecutive 


b.  Square  each  difference. 

c.  Sum  the  squares. 

d.  Compute  *g  as  follows: 

(1)  Divide  step  c  by  the  quantity  (N-l). 

(2)  Divide  step  (1)  by  the  quantity  2. 

(3)  Find  the  square  root  of  step  (2) . 

e.  Multiply  step  d  by  .6745  to  obtain  the  PE. 


9. 2. 1.2. 4  EXAMPLE 


Given: 


Sample  data  at  Table  A-5c,  page  1-14  (same  as  data  at 
Table  A-5b,  page  1-13). 


Procedure: 

a.  Compute  the  differences 
between  consecutive  readings: 


X  »  ¥  -  x 

d  xi  *i+l 


Example: 

a.  (1)  Difference  between 

1  and  2: 

xd  -  1248-1100 
-  148 

(2)  Difference  between 

2  and  3: 

xd  -  1100-1260 


See  Table  A-5c,  page  1-14, 
for  complete  list. 
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b.  Square  each  x^. 


Sum  the  x2. 


d.  Compute 


1  XI_ 

2  (N— 1) 


e.  Compute: 

PE  -  .6745  (sj 
0 


b.  (1)  x2  -  (148)2 

-  21,904 

(2)  x2  -  (-160)2 

-  25,600 


See  Table  A-5c,  page  1-14, 
for  complete  list. 


c. 


d. 


1x2  _  85,020 


9. 2. 1.2. 5  ANALYSIS : 


The  PE  Is  a  measure  of  deviation  from  such  that  50Z  of  the 
observations  may  be  expected  to  lie  between  u-PE  and  p+PE.  If  a  trend 
which  can  be  attributed  to  a  nor-system  condition,  such  as  weather,  is 
suspected  then  this  method  will  yield  the  best  estimate  of  r.  A  test 
comparing  the  two  methods  of  computing  PE  can  be  made  to  determine 
whether  a  trend  existed  but  was  not  evident  (see  paragraph  9. 2.1.3,  for 
details) . 

9. 2. 1.3  TREND  ANALYSIS 

9. 2. 1.3.1  OBJECTIVE 

To  determine  whether  a  trend  exists  and  whether  the  standard 
deviation  method  or  the  successive  differences  method  yields  the  best 
estimate  of  t. 

9. 2. 1.3. 2  DATA  REQUIRED 

s2  and  s2. 

0 

9. 2. 1.3. 3  PROCEDURE 


a.  Choose  the  desired  confidence  level. 

'•*  b.  Divide  3^  by  s2. 

c.  Use  Table  B-23,  page  2-133,  to  obtain  the  critical  number 
(CN)  for  N  samples  at  the  desired  confidence  level. 
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9.2.2  COMPARING  PROBAELE  ERRORS  (PE’s) 

As  stared  in  paragraph  4.5.4,  page  7,  the  PE  is  a  measure  of 
deviation  from  p  such  that  502  of  the  observations  may  be  expected  to  lie 
between  p  -  PE  and  u  +  PE.  Since  the  PE  is  a  function  of  the  standard 
deviation  (PE  •  .6745s.  or  PE  .6745  s),  the  same  testa  used  for  the  com¬ 
parison  of  standard  deviations  will  be  used  to  compare  PE's  for  a 
significant  difference. 

9.2. 2.1  COMPARING  AN  OBSERVED  PE  TO  A  REQUIREMENT 

a.  An  observed  PE  is  generated  from  a  sample  and  is  repre¬ 
sentative  of  t.  This  value  of  PE  is  then  compared  to  a  stated  requirement 
(t0).  However,  looking  at  the  values  of  PE  and  the  requirement  to  decide 
whether  t  is  greater  than  t0  or  t  is  less  than  t0  at  a  confidence  level 

is  insufficient.  Since  the  decision  pertains  to  the  population,  statistical 
tests  must  be  applied  to  PE  to  determine  whether  t  is  greater  than  t0  or  r 
is  less  th^n  t0. 

b.  There  exist  two  possibilities  for  the  relationship  of  PE 
to  t0.  Following  are  the  assumptions  and  the  circumstances  for  each 
possible  relationship: 

(1)  PE  greater  than  t0. 

(a)  The  null  hypothesis  is  t  is  greater  than  t0. 

(b)  The  alternative  hypothesis  is  there  is  no  reason 
to  believe  r  is  greater  than  t0. 

(c)  The  use  of  this  test  is  appropriate  when  t0 
is  a  maximum  value  for  t  to  satisfy.  In  the 
event  that  t  must  not  be  greater  than  t0,  this 
test  would  be  appropriate. 

(2)  PE  less  than  t0. 

(a)  The  null  hypothesis  is  t  is  less  than  t0. 

(b)  The  alternative  hypothesis  is  there  is  no  reason 
to  believe  that  t  is  less  than  t0. 

(c)  The  use  of  this  test  is  appropriate  when  t0  is 
a  minimum  value  for  r  to  satisfy.  In  the  event 
that  t  must  meet  or  exceed  t0,  this  test  would 
be  appropriate. 

c.  In  order  to  test  the  above  hypotheses  when  given  the  values 
of  PE  and  tq,  s  and  o0  must  be  computed;  and  the  appropriate  test  as  des¬ 
cribed  in  paragraphs  7.2.1  through  7.2.  2,  page  70  through  ?i  must  be  performed. 
The  values  cf  s  and  a0  are  determined  by  multiplying  PE  and  x0  each  by 
1.4826.  Since  the  PE  is  a  multiple  of  s,  the  conclusions  drawn  concerning 
standard  deviations  will  also  hold  true  for  probable  errors;  e.g.,  if  the 
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null  hypothesis  that  o  is  less  than  o0  is  accepted  at  a  10G(l-a)Z  confidence 
level,  then  the  null  hypothesis  that  t  is  less  than  t0  can  also  be  accepted 
at  the  same  confidence  level. 

/  9. 2. 2. 2  COMPARING  TWO  OBSERVED  PE's 

V  1 

a.  An  observed  probable  error  is  generated  from  a  sample  and 
is  representative  of  t.  This  value  of  PE  is  then  required  to  meet  a 
standard  item  PE  which  is  representative  of  the  standard  items  population. 
Looking  at  the  values  of  the  probable  errors  (PEA  and  -PEg)  to  decide  whether 
ta  is  greater  than  Tg  or  ta  is  less  than  Tg  at  a  confidence  level  is 
insufficient.  Since  the  decision  pertains  to  the  populations,  statistical 
tests  must  be  applied  to  PA  and  Pfi  to  determine  whether  TA  is  greater  than 
tg  or  t ^  is  less  than  Tg*  The  statistical  tests  use  the  sample  PE’s  as 

estimates  of  the  population  PE's. 

b.  Type  A  generally  represents  the  test  item  and  Type  B,  the 
standard  item  when  testing  the  hypothesis  that  xA  Is  greater  than  Tg.  However, 
to  prove  that  the  PE  of  the  test  item  lawless  than  that  of  the  standard 

item.  Type  A  must  represent  the  standard  item  so  that  the  hypothesis,  xA  Is 
greater  than  tg,  can  be  tested. 

c.  When  the  null  hypothesis  is  ta  is  greater  than  xg,  the 
alternative  hypothesis  is  there  is  no  reason  to  believe  that  xA  is  greater 
than  xg. 

d.  This  test  is  appropriate  when  Tg  is  a  maximum  value  for 
ta  to  satisfy. 

e.  In  order  to  test  the  above  hypothesis  when  given  the  values 
of  PE.  and  PEg,  s,.  and  sB  must  be  computed;  and  the  appropriate  test  as 
described  in  paragraph  713.1,  page  Th,  must  be  performed. 

The  values  ot  sA  ana  sg  are  determined  by  multiplying  PEA  and  PEg  each  by 
1.4826.  Since  the  PE  is  a  multiple  of  s,  conclusions  drawn  concerning 
standard  deviations  will  also  hold  true  for  probable  errors;  e.g.,  if  the 
null  hypothesis  that  oa  Is  greater  than  cb  is  accepted  at  a  10Q(l-a)Z 
confidence  level  then  the  null  hypothesis  that  ta  is  greater  than  Tg  can 
also  be  accepted  at  the  same  confidence  level. 

9. 2. 2. 3  DETERMINATION  OF  SAMPLE  SIZE 

a.  The  determination  of  Nt  is  necessary  to  assure  that  there 
is  a  sufficient  sample  upon  which  to  base  a  decision  to  accept  or  reject 
a  null  hypothesis  at  a  specified  confidence  level. 

b.  The  values  of  s  and  c?o  are  determined  by  multiplying  the  PE 
and  t0  each  by  1.4826.  Nt  is  determined  by  following  the  appropriate 
procedure  as  described  in  paragraph  7.2.3,  page  72. 

c.  The  values  of  sA  and  Sg  are  determined  by  multiplying 

PEa  and  PEg  each  by  1.4826.  Nt  is  determined  by  following  the  appropriate 
procedure  as  described  in  paragraph  7.3.2,  page  76. 
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9.2.3  CIRCULAR  PROBABLE  ERROR 

9. 2. 3.1  COMPUTATION 

9. 2. 3. 1.1  OBJECTIVE 

To  determine  the  radius  of  e  circle  euch  that  50Z  of  the  ‘ 
population  lie  within  the  circle. 

9. 2. 3. 1.2  DATE  REOUIREP 

List  of  sample  eastingi;  and  corresponding  northings. 


9. 2. 3. 1.3  PROCEDURE 

a.  Compute  s  for  the  e^'  mgs  (sg) ,  (see  paragraph  7. 1.1. 3, 

page  64). 

b.  Compute  s  for  the  northings  (sjj) *  (see  paragraph  7. 1.1. 3, 

page  64). 

c.  Compute  the  CPE  as  follows:  — 

(1)  If  Sg  equals  s^,  multiply  Sg  by  1.1774  to  obtain  the 
CPE. 

(2)  If  Sg  la  not  equal  to  sN,  compute  the  equivalent  CPE 
as  follows : 

(a)  Add  ag  to  sj|. 

(b)  Multiply  step  (1)  by  .5887. 


9. 2. 3. 1.4  EXAMPLE 
Given: 

Sample  data  at  Table  A-5e,  page  1-17. 
Procedure:  .Example: 


-  343.36 


-  343 


-/  242,074.7 

-  492.01 

-  492 
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c.  Compute  one  of  the  following: 

(1)  If  sg  »  Sfj  compute: 

CPE  -  1.1774  sE 

(2)  If  sE  i  s»  compute 
Equivalent  CPE  ■  .5887  (sg+Sjj) 


c.  Since  343.36  492.01, 

Equivalent  CPE 

-  .5887  (343.36+492.01) 

-  .5887  (835.37) 

-  491.78 
«  492 


9. 2. 3. 1.5  ANALYSIS 

The  CPE  la  the  radiua  of  a  circle  within  which  1/2  or  50%  of 
the  population  lies.  The  following  Is  a  list  of  multiples  of  the  CPE  and  the 
percentages  of  the  population  which  lie  within  the  respective  circles  for 
a  circular  normal  distribution: 

a.  2 (CPE)  contains  93.75%  of  the  population. 

b.  3(CPS)  contains  99.81%  of  the  population. 

c.  3.5(CPE)  contains  99.99%  of  the  population. 

9. 2.3. 2  OUTLIERS 

9. 2. 3. 2.1  OBJECTIVE 

To  identify  an  outliers  which  may  be  present. 

9. 2. 3. 2. 2  DATA  REQUIRED 

A  list  of  sample  eastings  and  corresponding  northings. 


9. 2. 3. 2. 3  PROCEDURE 

a.  Compute  the  CPE  for  all  of  the  readings. 

b.  Compute  the  distance  from  the  mean  (dm)  for  each  set  of 
coordinates  using  data  from  step  a  as  follows: 

(EAST-EAST )2+(N0RTH-N0RTHV  ^/aE2+4N2 

c.  Isolate  each  suspected  outlier  beginning  with  the  largest 
distance  from  the  mean. 


d.  Recompute  the  CPE,  with  the  suspected  outlier  deleted, 

as  follows: 

(1)  Compute  Sg  (and  Sjj)  as  follows: 

(a)  Compute  the  mean  of  the  remaining  eastings  (northings). 

(b)  Compute  the  deviation  of  each  remaining  reading 
from  the  mean. 

(c)  Square  each  deviation. 

(d)  Sum  the  squared  deviations. 

(e)  Since  Nj  is  the  sample  size  with  the  suspected 
outlier  deleted,  divide  step  (d)  by  the  quantity 

(Nj-1 ) . 

(f)  Find  the  square  root  of  step  (e). 

( 2 )  Add  Sg  to  . 


ft.  '  i. 
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Therefore,  a  confidence  level  of  95Z  indicates  that  if  100  groups,  each 
containing  46  samples,  were  tested  then  on  the  average  five  of  these  groups 
would  have  more  than  one  failure  and  95  of  these  groups  would  have  one  or 
zero  failures. 

b.  That  high  requirements  place  limitations  on  acceptability 
is  intuitively  evident.  Stringent  limitations  require  sufficient  sampling 
to  provide  an  objective  view  of  the  test  item.  However,  in  the  interest 
of  economy,  testing  must  be  accomplished  with  a  minimum  number  of  samples. 
This  may  be  accomplished  by  decreasing  the  desired  reliability  (confidence 
level)  while  holding  the  confidence  level  (desired  reliability)  fixed. 
Therefore,  serious  consideration  must  be  given  to  sample  size,  the  related 
R,  and  the  desired 'confidence  level. 

10.1  SUCCESS-FAILURE 

10.1.1  DETERMINATION  OF  RELIABILITY 

10.1.1.1  OBJECTIVE 

To  determine  the  population  reliability  (p)  of  the  test  item 

at  the  desdred  confidence  level.  The  required  reliability  (p0)  and  the 
confidence  level  are  usually  directed  by  a  higher  authority  or  a  Require¬ 
ments  Document. 

10'1*1'2  DATA  REQUIRED 

The  number  of  failures  (f)  and  N  for  a  success-failure  type  test 

10.1.1.3  PROCEDURE 

a.  Case  I: 

(1)  Use  Table  B-18,  page  2-74,  to  obtain  the  intersection 
of  the  "Reliability"  row  and  the  "Confidence  Level" 
column  for  the  number  of  failures  which  occurred  (see 
page  2-125  for  75Z  confidence  level). 

(2)  If  N  is  equal  to  or  larger  than  the  intersection  value, 
decide  that  p  is  equal  to  or  greater  than  p0  (testing 
may  cease);  otherwise,  there  is  no  reason  to  believe 

p  is  equal  to  or  greater  than  p0  at  the  desired  con¬ 
fidence  level  (testing  may  cease  with  a  reject  decision 
or  testing  must  continue  with  a  decision  being  made  at 
a  later  date). 

b.  Case  II:  Reliability  confidence  limits. 

(1)  Compute  the  two-sided  UCL  and  LCL  as  follows: 

(a)  Choose  the  desired  confidence  level. 

(b)  Perform  the  following  calculations  to  obtain  the 
UCL: 

|_l.  Compute  d.f.j  as  follows: 

a.  Multiply  the  number  of  succes  ,  (sc)  by  2. 
b_.  Add  2  to  step  a. 
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2.  Compute  d.f.2  as  follows: 

.a.  Multiply  sc  by  2. 
b.  Multiply  N  by  2. 

£.  Subtract  step  a,  from  step  b.. 

3,.  Use  Table  B-8,  page  2-18,  to  obtain 
*l-a/2  for  (d.f.!,  d.f.2)  d.f. 

4.  Compute  the  following: 

a, .  Add  1  to  sc. 

b, .  Subtract  sc  from  N. 

.c.  Divide  step  a,  by  step  b_. 

d, .  Multiply  step  c.  by  step  3_. 
e_.  Add  1  to  step  d. 

X*  Divide  1  by  step  e. 

Subtract  step  f.  from  1. 

(c)  Perform  the  following  calculations  to  obtain  the 
LCL: 

1.  Compute  d.f.j  as  follows: 

a.  Multiply  f  by  2. 
b_.  Add  2  to  step  a,. 

2.  Compute  d.f.2  as  follows: 

Multiply  f  by  2. 

b.  Multiply  N  by  2. 

c. .  Subtract  step  a,  from  step  b_. 

3..  Use  Table  B-8,  page  2-18,  to  obtain 
f1-o/2  for  (d.f.!,  d.f. 2)  d.f. 

.4.  Compute  the  following: 

a, .  Add  1  to  f. 

b, .  Subtract  f  from  N. 

c,  Divide  step  a^  by  step  b,. 
jl.  Multiply  step  c,  by  step  3_. 

e, .  Add  1  to  step  d.. 

f,  .  Divide  1  by  step  e. 

(d)  Conclude  that  0  is  equal  to  or  between  the  UCL  and 
LCL  at  the  desired  confidence  level. 

(2)  Compute  the  one-sided  UCL  as  follows: 

(a)  Choose  the  desired  confidence  level. 

(b)  Compute  d.f«!  as  follows: 

_1.  Multiply  sc  by  2. 

2..  Add  2  to  step  1. 

(c)  Compute  d.f.2  as  follows: 

1_.  Multiply  sc  by  2. 
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(3)  Compute  the  one-sided  LCL  (3) 

for  p  as  follows: 


(a)  Choose  the  confidence 
level  (1-a). 

(b)  Compute: 

d.f. i  -  2 (f  )+2 

(c)  Compute: 

d.f.2  -  2(N)  -  2(f) 


(d)  Use  Table  B-8,  page  2-18, 
to  obtain  Fj  for  (d.f .  i ,  d.f.2)  d.f. 


(a) 

a  “ 

.05 

1-a 

• 

.95 

(b) 

d.f. 

1 

-  2(5)+2 

-  12 

(c) 

d.f. 

2 

-  2(52)-2(5) 

.  104-10 
.  94 


(d)  F.95  for  (12,94)d. f . 

approximates  closely 

F . 95  for  (12,90)d.f. 

F.95  for  (12,90)d. f .  - 


(e)  'Compute: 


LCL  - 


1 

T+T 


1+ta)F- 


(f)  Conclude  that  o  a  LCL 
at  a  100(l~a)%  confidence  level. 


(e) 


LCL  - 


1+#5)p- 


1  +(  _  )  (1.86) 

47 

_ 1 _ 

l+(. 1277) (1.86) 

1 


1+.2374 

1 

1.2374 


-  .8081 
-  .80 

(f)  Conclude  that 
p  a  .80  at  a  95Z  confidence 
level. 

NOTE:  .80  is  referred  to 
as  the  reliability 
of  the  test  item 
at  a  95Z  confidence 
level. 


.86 
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10.1.1.5  ANALYSIS 

a.  Case  I: 

If  N  a  che  intersection  value  (Table  B-18,  page  2-74) 
Che  null  hypothesis  that  p  i  p0  is  accepted;  otherwise,  there  is  no 
reason  to  believe  p  _>  po  at  a  100(l-a)iS  confidence  level. 


b.  Case  II: 

(1)  The  two-sided  interval  surrounds  p  such  that  p  < 

UCL  and  p  a  LCL  at  a  100(l-a)X  confidence  level. 

(2)  The  UCL  is  determined  so  that  p  i  UCL  at 
a  100(l-a)^  confidence  level. 

(3)  The  LCL  is  determined  so  that  p  i  LCL  at 
a  100(l-ct)X  confidence  level. 

10.1.2  DETERMINATION  OF  SAMPLE  SIZE 

10.1.2.1  OBJECTIVE 

a.  To  determine  the  absolute  minimum  Nt  required  t<  establish 
p0  at  the  desired  confidence  level. 

b.  To  determina  the  minimum  Nt  required  to  establish  p0  at 
the  desired  confidence  level  when  the  average  number  of  failures  is  known 
from  previous  testing  or  a  comparable  item. 

10.1.2.2  DATA  REQUIRED 

a.  None. 

b.  The  average  number  of  failures  known  from  a  standard  item, 
history,  or  Requirements  Document. 

10.1.2.3  PROCEDURE 

a.  Case  I:  Determination  of  an  absolute  minimum  Nt. 

(1)  Use  Table  B-18,  page  2-74  t0  obtain  the  intersection 
of  the  "Reliability'’  row  and  the  "Confidence  Level" 
column  for  zero  failures. 

(2)  Conclude  that  the  intersection  value  is  the  absolute 
minimum  Nt  since  zero  failures  constitutes  the  ideal 
situation. 

b.  Case  II:  Determination  of  Nt. 

(1)  Use  Table  B-18,  page  2-74,  to  obtain  the  intersection 
of  the  "Reliability"  row  and  the  "Confidence  Level" 
column  for  the  average  number  of  failures  known  from 
a  standard  item,  history,  or  Requirements  Document. 
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(2)  Conclude  chat  Che  Intersection  value  is  the  minimum 
Nc.  Generally  the  test  item  must  be  as  good  as 
previous  test  results  from  a  standard  item.  Note 
that  in  most  cases  this  Nt  will  be  larger  than  the 
absolute  minimum  Nt  generated  in  Case  I. 

10.1.2.4  EXAMPLE 

a.  Case  1:  Determination  of  an  absolute  minimum  Nt. 

Given: 

P0  -  *95 
1-a  -  .90 


i 


f  -  0 

Procedure: 

(1)  Use  Table  B-18,  page  2-74, 
to  obtain  the  intersection  of 
the  "Reliability"  row  and  the 
"Confidence  Level"  column  for  zero 
failures. ' 

(2)  Conclude  that  the  inter¬ 
section  value  is  Che  absolute 
minimum  Nc  since  zero  failures 
constitures  the  ideal  situation. 


Example: 

(1)  For  f  ■  0,  o0  »  .95, 
and  1-a  ■  .90, 

Nt  -  45 

(2)  For  zero  failures, 
conclude  that  45  samples  are 
required  to  achieve  p  *  .95 
at  a  confidence  level  of  90% 


b.  Case  II:  Determination  of  Nt 
Given: 
p0  -  .95 
1-a  -  .90 


Average  number  of  failures  for  Che  standard  item  =*  6 


Procedure: 

(1)  Use  Table  B-18,  page  2-74, 
to  obtain  the  intersection  of 
the  "Reliability"  row  and  Che 
"Confidence  Level"  column  for 
Che  average  number  of  failures. 

(2)  Conclude  that  the  inter¬ 
section  value  is  the  minimum 
Nf  Generally  the  test  item 
must  be  as  good  as  previous 
test  results  from  a  standard 
item. 

NOTE:  In  most  cases  this 
Nt  will  be  larger 
than  the  absolute 
minimum  Nt  generated 
in  Case  I. 


Example: 

(1)  For  f  -  6,  p0  •  .95, 
and  1-a  ■  .90, 

Nt  -  209. 

(2)  For  no  more  than  six 
failures,  conclude  that  209 
samples  are  required  to  achieve 
p  ■  .95  at  a  90%  confidence 
level. 

NOTE:  209  >  45 
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10.1.2.5  ANALYSIS 


a.  Initial  N£. 

At  a  specified  confidence  level,  reliability,  and  number 
of  failures,  Nc  samples  are  required  to  determine  whether  p  a  p0.  Zero 
failures  will  generate  the  absolute  minimum  Nt. 

b.  Adequacy  of  Ng. 

After  the  initial  Nt  samples  have  been  tested,  R  must  be 
computed  at  the  desired  confidence  level  for  the  number  of  failures  that 
occurred.  If  the  computed  R  is  equal  to  or  greater  than  p0,  the  initial 
Nc  is  adequate;  however,  if  the  computed  R  is  less  than  p0»  the  initial 
is  inadequate.  If  Nt  is  inadequate,  Ng  must  be  recomputed  using  the 
number  of  failures  which  have  occurred,  f,  and  the  desired  confidence  level; 
and  additional  samples  must  be  tested  if  possible  or  a  reject  dicision  made. 

10.1.3  SEQUENTIAL  ANALYSIS  FOR  SUCCESS-FAILURE 

a.  When  testing  an  hypothesis  using  the  sequential  method, 
the  project  officer  is  able  to  make  one  of  the  following  three  decisions 
at  any  stage  of  testing: 

(1)  Accept  the  hypothesis. 

(2)  Reject  the  hypothesis. 

(3)  Continue  the  experiment  by  collecting  additional  data. 

b.  Usually  a  pQ  of  .95  with  a  high  degree  of  assurance  is 
required.  In  order  to  achieve  assurance  of  such  a  high  p0,  the  project 
officer  would  have  to  conduct  excessive  testing;  e.g. ,  many  thousands  of 
rounds.  This  may  be  impractical;  however,  using  the  following  statistical 
approach,  the  project  officer  will  achieve  the  predetermined  confidence 
level  for  reaching  the  accept  decision. 

c.  If  certain  criteria  are  set  up  graphically,  a  decision  can 
•be  made  to  accept,  reject,  or  continue  testing  the  test  item  after  each  sample 

is  tested.  This  graph  uses  three  areas  to  represent  the  decisions  to  accept, 
reject,  or  continue  testing  the  test  item.  The  accept  region  is  below  a 
boundary  line  determined  by  the  subtraction  of  the  maximum  proportion  of  de¬ 
fectives  (P0)  and  the  confidence  levels  for  rejection  and  acceptance.  The 
continue  testing  area  is  above  the  accept . boundary  line  and  below  the  reject 
boundary  line.  The  size  of  this  area,  which  is  an  area  of  doubt  for  the  test 
item,  is  determined  by  the  project  officer  (see  paragraph  4.14,  page  14).  The 
area  of  doubt  is  designed  for  a  test  item  which  may  be  good  but  has  gotten 
off  to  a  slow  start.  In  this  case,  a  longer  period  of  time  will  be  required 
to  satisfy  the  doubts  concerning  acceptability  of  the  test  item.  The  reject 
boundary  line  is  determined  by  P0  and  the  confidence  levels  for  rejection 
and  acceptance.  The  area  above  this  boundary  lire  is  the  area  of  rejection. 

A  graph  of  this  type  is  illustrated  by  Figure  14.  The  number  of  samples 
are  plotted  on  the  horizontal  axis  with  each  increment  representing  one 
sample.  The'  number  of  failures  are  plotted  on  the  vertical  axis  with  each 
increment  representing  one  failure. 
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d.  The  construction  of  Che  tvo  boundary  lines  is  described  in 
Che  procedure  paragraph  belov. 

10.1.3.1  OBJECTIVE 

To  determine  vheCher  Che  proporcion  of  defeccive  CesC  iCems  is 
equal  Co  or  less  Chan  P0  ac  Che  desired  confidence  level. 

10.1.3.2  DATA  REQUIRED 
N  and  f. 

10.1.3.3  PROCEDURE 

a.  ConeCrucC  Che  boundary  lines  as  follows: 

(1)  Choose  a  and  ji,  Che  probabilicies  of  making  Type  I 
and  Type  II  errors  respeccively. 

(2)  Choose  Che  amounc  of  doubt,  Che  proporcion  of  defeccives 
allowable  for  conCinued  cesclng. 

(3)  Use  Table  B-19,  page  2-127,  Co  obtain  a  and  b  for 

a  end  6.  ' 

(4)  Subcracc  D  from  P0  Co  obcain  che  upper  limic  for  Che 
proporcion  of  defeccives  (Py). 

NOTE:  P0  equals  X0,  if  X0  is  in  terms  of  defectives. 

P0  equals  the  quantity  (1-X0),  if  X0  is  in  terms 
of  successes. 

(5)  Compute  U,  an  intermediate  value,  as  follows: 

(a)  Divide  P0  by  step  (4). 

(b)  Subtract  step  (4)  from  1. 

(c)  Subtract  P0  from  1. 

(d)  Divide  step  (b)  by  step  (c). 

(e)  Multiply  step  (a)  by  step  (d). 

(f)  Find  the  natural  logarithm  of  step  (e) . 

(6)  Compute  V,  an  intermediate  value,  as  follows: 

(a)  Subtract  step  (4)  from  1. 

(b)  Subtract  P0  from  1. 

(c)  Divide  step  (a)  by  step  (b). 

(d)  Find  the  natural  logarithm  of  step  (c). 

(e)  Divide  step  (d)  by  step  (5). 

(7)  Determine  the  accept  boundary  line  as  follows: 

(a)  Divide  the  value  b  in  step  (3)  by  step  (5). 

(b)  Multiply  step  (6)  by  N. 

(c)  Add  step  (a)  to  step  (b)  to  determine  the  maximum 
allowable  f  for  accepting  the  test  item  ^^^EPT  * 

tj-+V(N)). 

(d)  Choose  two  values  for  N  and  substitute  them  into 
the  above  equation  to  determine  two  points  on  the 
accept  boundary  line. 
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EXAMPLE 

a.  Construct  the  boundary  lines  as  follows: 
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(2)  For  failures  1  through 
3,  decide  to  continue  testing. 

At  failure  number  4  decide  to 
accept  the  test  item.  A 
decision  to  accept  the  test 
item  could  have  been  made 
when  N  was  134  and  f  was  3  since 
the  accept  boundary  was  crossed 
(see  Figure  14,  page  129). 

NOTE:  From  Table  B-18, 
page  2-74,  when 
f«3,p0-.95,  and 
l-a».95,  the  inter¬ 
section  value  is 
153;  thus,  fewer 
samples  (N“134)  are 
needed  using  the 
sequential  method. 

10.1.3.5  ANALYSIS 

*  a.  The  sequential  method  generally  minimizes  testing  time 
and  N  due  to  the  fact  that  a  decision  to  accept  or  reject  is  made  as 
soon  as  possible  after  the  first  failure.  Since  all  failures  are  not 
necessarily  chargeable  failures,  decisions  will  be  altered  if  certain 
failures  are  not  counted.  If  the  project  officer  ignores  a  failure, 
the  probability  of  accepting  an  unacceptable  item  is  increased.  There¬ 
fore,  the  project  officer  must  carefully  decide  what  constitutes  a  failure 
(see  paragraph  4.2,  page  2). 

b.  Due  to  the  advantages  just  discussed,  the  sequential 
method  should  be  used  whenever  possible  (see  subparagraph  10.2c,  page  134). 

10.2  RELIABILITY  RELATIVE  TO  CONTINUOUS  TESTING 

a.  When  measuring  R  for  the  continuous  testing  situation, 

Che  failure  rate  is  assumed  to  approach  the  exponential  distribution 
(see  paragraph  4.15.5,  page  19).  In  this  case  there  are  three  measures 
of  R  that  are  of  interest  to  the  project  officer.  These  are: 

(1)  The  determination  of  mean  time,  miles,  or  rounds 
between  failures  and  the  limits  for  the  mean  at  a 
desired  confidence  level  (see  paragraph  10.2.1, 
page  134). 

(2)  The  determination  of  a  computed  R  (see  paragraph 
10.2.2,  page  145). 

(3)  The  determination  of  the  R  based  on  p0  and  the  desired 
confidence  level  (see  paragraph  10.2.3,  page  147). 

b.  The  first  two  determinations  are  simple  and  straight- 
:orward  but  are  biased  by  limitations  on  N.  The  third,  which  is  the  only 
iequential  analysis  method,  is  a  truer  representation  of  the  population. 


(2)  After  plotting  each  point, 
decide  to  accept,  reject,  or 
continue  testing  the  test  item. 
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c.  Sequential  analyaia  ia  superior  to  nonsequential  analysis 
whenever  the  data  become  available  serially  and  the  cost  of  the  data  (in 
terms  of  time,  labor,  or  material)  is  approximately  proportional  to  the 
amount  of  data.  Nonsequential  analysis  is  superior  whenever  the  amount  of 
data  is  fixed  or  the  cost  of  the  data  is  largely  overhead,  hence  more  or 
less  independent  of  the  amount  of  data.  Superiority  consists  of  minimizing 
the  set  of  quantities  N,  a,  and  6.  Sequential  and  nonsequential  tests 
differ  in  the  constraints  under  which  this  set  is  minimized.  Nonsequential 
tests  treat  N  as  fixed  and  are  designed  so  that  either  risk  a  or  risk  8  is 
minimized  when  the  other  is  fixed.  Sequential  tests  treat  N  as  a  variable 
and  are  designed  so  that  for  fixed  risks,  a  and  8,  the  expected  (average) 
number  of  trials  required  to  reach  a  decision  is  minimized.  If  for  a 
nonsequential  test  N  is  made  large  enough  so  that,  with  a  fixed,  S  will  not 
exceed  a  predetermined  amount,  this  value  of  N  will  exceed  (frequently  by 
as  much  as  100  percent)  the  N  required  for  a  sequential  test  for  the  same 

a  and  8.  Thus,  when  N  is  readily  subject  to  variation,  sequential  tests 
are  superior;  when  N  is  not  readily  varied,  nonsequential  tests  are  superior. 

d.  Examples  of  the  solution  for  each  determination  are  in  the  fol¬ 
lowing  paragraphs.  In  all  examples  mean  time  between  failures  (MTBF)  is 
used.  Other  means,  such  as  mean  miles  between  failures  (MMBF)  or  mean 
rounds  between  failures  (MRBF) ,  may  be  used  when  applicable. 

10.2.1  MEANS  AND  LIMITS 

10.2.1.1  MEANS 

10.2.1.1.1  OBJECTIVE 

To  determine  the  mean  time  between  failures. 

10.2.1.1.2  DATA  REQUIRED 

A  list  of  sample  readings;  e.g.,  operating  time  (primary  parameter) 
and  failures  (secondary  parameter). 

10.2.1.1.3  PROCEDURE 

a.  Sum  the  primary  parameter. 

b.  Sum  the  secondary  parameter. 

c.  Divide  step  a  by  step  b. 

10.2.1.1.4  EXAMPLE 
Given : 

Sample  data  at  Table  A-6c,  page  1-21. 

Procedure:  Example: 

a.  Sum  the' -primary  parameter;  a.  Tt  ■  3752  hours 

e.g.,  total  time  (Tt)  or  total 
miles  (Tm) . 
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b.  Sum  Che  secondary  parameter; 
e.g.,  total  failures  (f). 

c .  Compute : 

Tt 

MTBF  -  j- 


b.  f  -  12 

c.  MTBF  -  3752/12 

-  312.56 
■  313  hours 


NOTE:  In  the  event  a  test  is  time  terminated  and  zero  failures  occurred,  a 
point  estimate  of  the  MTBF  cannot  be  determined  but  a  LCL  may  be  computed 
(see  paragraph  10.2.1.3). 


10.2.1.1.5  ANALYSIS 

The  sample  mean,  or  average,  is  a  value  which  is  typical  or 
representative  of  a  set  of  data.  The  mean  is  Che  most  commonly  used 
measure  of  central  location. 


10.2.1.2  LIMITS  USING  THE  STUDENT  t  DISTRIBUTION 

10.2.1.2.1  OBJECTIVE 

'  To  determine  the  two-sided  and  one-sided  limits  for  the  MTBF 
using  the  t  distribution. 

10.2.1.2.2  DATA  REQUIRED 

A  list  of  sample  readings;  e.g.,  operating  time  (primary  parameter) 
and  failures  (secondary  parameter). 

10.2.1.2.3  PROCEDURE 

a.  Case  I:  UCL  and  LCL  (two-sided  limits),  also  referred 
to  as  M2  and  Mj. 

(1)  Choose  the  desired  confidence  level. 

(2)  Use  Table  D-5,  page  2-5,  to  obtain  tj-Q/  for  f-1  d.f. 

(3)  Compute  the  MTBF  (see  paragraph  10.2.1.1?3,  page  134). 

(4)  Compute  the  time  between  failures  for  each  consecutive 
pair  of  failures  if  the  data  have  been  recorded  as 
cumulative  time. 

(5)  Compute  3  (see  paragraph  7. 1.1. 4,  page  65). 

NOTE:  The  sample  size  is  the  number  of  failures. 

(6)  Compute  t  as  follows: 

(a)  Multiply  step  (2)  by  step  (5). 

(b)  Divide  step  (a)  by  the  square  root  of  f. 

(7)  Add  step  (6)  to  step  (3)  to  obtain  the  UCL  and  subtract 
step  (6)  from  step  (3)  to  obtain  the  LCL. 

(8)  Conclude  that  the  population  MTBF  is  equal  to  or  less 
than  the  UCL  and  equal  to  or  greater  than  the  LCL  at  the 
desired  confidence  level. 
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b.  Case  II:  UCL  (one-sided  limit),  also  referred  to  as  N2< 

(1)  Choose  the  desired  confidence  level. 

(2)  Use  Table  B-5,  page  2-5,  to  obtain  t1-a  for  f-1  d.f. 

(3)  Compute  the  MTBF  (see  paragraph  10.2.1.1.3,  page  134). 

(4)  Compute  the  time  between  failures  for  each  consecutive 
pair  of  failures  if  the  data  have  been  recorded  as 
cumulative  time. 

(5)  Compute  s  (see  paragraph  7.1.1. 3,  page  64). 

NOTE:  The  sample  size  is  the  number  of  failures. 

(6)  Compute  c  as  follows: 

(a)  Multiply  step  (2)  by  step  (5). 

(b)  Divide  step  (a)  by  the  sauare  root  of  f. 

(7)  Add  step  (6)  to  step  (3)  to  obtain  the  UCL. 

(8)  Conclude  that  the  population  MTBF  is  equal  to  or  less 
than  the  UCL  at  the  desired  confidence  level. 

c.  Case  III:  LCL  (one-sided  limit),  also  referred  to  as  Mi. 

(1)  Choose  the  desired  confidence  level. 

—  (2)  Us*  Table  B-5,  page  2-5,  to  obtain  ti_~  for  f-1  d.f. 

(3)  Compute  the  MTBF  (see  paragraph  10.2.1.1.3,  page  134). 

(4)  Compute  the  time  between  failures  for  each  consecutive 
pair  of  failures  if  the  data  have  been  recorded  as 
cumulative  time. 

(5)  Compute  s  (see  paragraph  7. 1.1. 3,  page  64). 

NOTE:  The  sample  size  is  the  number  of  failures. 

(6)  Compute  e  as  follows: 

(a)  Multiply  step  (2)  by  step  (5). 

(b)  Divide  step  (a)  by  the  square  root  of  f. 

(7)  Subtract  step  (6)  from  step  (3)  to  obtain  the  LCL. 

(8)  Conclude  that  the  population  MTBF  is  equal  to  or 
greater  than  the  LCL  at  the  desired  confidence  level. 

10.2.1.2.4  EXAMPLE 

a.  Caaa  I:  UCL  and  LCL  (two-sided  limits),  also  referred  to  as 
M2  and  Mi,  respectively. 

Given: 


Sample  data  at  Table  A-6d,  page  1-22. 


Procedure : 

Example: 

(1)  Choose  the  confidence  level 
(  1-a  ). 

(1) 

a  *  .10 

1-a  -  .90 
l-a/2  -  .95 

(2)  Use  Table  B-5,  page  2-5, 
to  obtain  t^^  for  U-D  d.f. 

(2) 

f-1  -  5 

t. 95  for  5  d.f. 
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(3)  Compute  Che  KTBF. 


(4)  Compute  the  time  between 
failures  for  each  consecutive 
pair  of  failures  if  the  data 
have  been  recorded  as 
cumulative  time. 

(5)  Compute: 


(6)  Compute: 


(7)  Compute: 

UCL  -  MTBF  +  e 
LCL  -  MTBF  -  e 


(3)  Conclude  chat  the  population 
MTBF  i  UCL  and  the  population 
MTBF  a  LCL  at  a  100(l-a)Z 
confidence  level. 


(3)  MTBF  -  207  hours 
See  paragraph  10.2.1.1.4, 
page  134. 

(4)  (a)  Time  to  failure  1 

•  200  hours 

(b)  Time  between  failures 
2  and  1 
-  410-200 

•  210  hours 

(5) 


«  16.80 
*  17  hours 

See  paragraph  7. 1.1.4,  page  65. 

(6)  _  2.015(16.80) 

-  33.85/2.449 

-  13.82 

(7)  UCL  -  206.83  +  13.82 

-  220.65 

•  221  hours 
LCL  -  206.83  -  13.82 

-  193.01 

■  193  hours 

(8)  Conclude  that  the  popula¬ 
tion  MTBF  £■  221  hours  and  the 
population  MTBF  a  193  hours 

at  z  90Z  confidence  level. 


b.  Case  II:  UCL  (one-sided  limit),  also  referred  to  as  M2. 
Given: 


Sample  data  at  Table  A-6d, 

page  1-22. 

Procedure: 

Example: 

(1)  Choose  the  confidence 
level  (1-a) . 

(1)  a  -  .10 

1-a  -  .90 

(2)  Use  Table  B-5,  page  2-5. 
to  obtain  ti_a  for  (f-1)  d.f. 

(2)  f-1  -  5 

t. 90 -for  5  d.f.  *  1.476 

(3)  Compute  the  MTBF. 

(3)  MTBF  -  1241/6 

=  207  hours 

See  paragraph  10.2.1.1.4, 
page  134. 
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(4)  Compute  the  time  between 
failures  for  each  consecutive 
pair  of  failures  if  the  data 
have  been  recorded  as 
cumulative  time. 


(4)  (a)  Time  to  failure  1 

»  200  hours. 

(b)  Time  between  failures 
2  and  1  -  410-200 
-  210  hours 
See  Table  A-6d,  page  1-22 
for  complete  list. 


(5)  Compute: 


(6)  Compute: 

ti-a(s) 


(7)  Compute: 

UCL  -  MTBF  +  e 

(8)  Conclude  that  the  population 
MTBF  £  UCL  at  a  100(l-a)Z  confidence 
level. 


71410. 6 
6-1 


v 282.1 
-  16.80 


»  17  hours 

See  paragraph  7. 1.1. 4,  page  65. 

(1.476)(16.80) 

V.O  J  e  "  . .  ■ —  — — 


(T)  UCL 


24.80 

2.449 

10.13 

*  206.83  +  10.13 
»  216.96 
»  217  hours 


(8)  Conclude  that  the  popu¬ 
lation  MTBF  £  217  hours  at  a 
90Z  confidence  level. 


c.  Case  III:  LCL  (one-sided  limit),  also  referred  to  as  Mj , 


Given: 

Sample  data  at  Table  A-6d 


Procedure: 

(1)  Choose  the  confidence 
level  (1-a) . 

(2)  Use  Table  B-5,  page  2-5, 
to  obtain  t!_a  for  (f-1)  d.f. 

(3)  Compute  the  MTBF . 

(4)  Compute  the  time  between 
failures  for  each  consecutive 
pair  of  failures  if  the  data 
have  been  recorded  as 
cumulative  time. 


,  page  1-22. 

Example: 

(1)  a  •  .10 
1-a  »  .90 

(2)  f-1  -  5 

t.90  for  5  d.f. 


1.476 


(3)  MTBF  *>  207  hours. 

See  paragraph  10.2.1.1.4,  page  134. 

(4)  (a)  Time  to  failure  1 

■  200  hours. 

(b)  Time  between  failures 
2  and  1 
-  410-200 

■  210  hours 
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(5) 

Compute: 

(5) 

s  -  16.80 

/r*  2 

•  17  hours 

s  V— 

™  f-1 

See 

paragraph  7. 1.1. 4,  page  65. 

(6) 

Compute : 

(6) 

(1.476) (16.80) 

c-  W> 

«/r 

jr 

-  10.13 

(7) 

Compute: 

(7) 

LCL  *  206.83  -  10.13 

LCL  -  MTBF  -  c 

»  196.70 
•  196  hours 

(8) 

Conclude  that  the  popu- 

(8) 

Conclude  that  population 

lation  MTBF  a  LCL  at  a  MTBF  a  196  hours  at  a  90Z 

100(l-a)Z  confidence  level.  confidence  level. 

10.2.1.2.5  ANALYSIS 

a.  The  two-sided  interval  surrounds  the  population  MTBF  such 
that  the  population  MTBF  *  UCL  and  the  population  MTBF  a  LCL  at  a  100 (l-a)Z 
confidence  level. 

b.  The  UCL  of  the  MTBF  is  determined  such  that  the  population 
MTBF  <  UCL  at  a  100(l-<*)!t  confidence  level. 

c.  The  LCL  of  the  MTBF  is  determined  such  that  the  population 
MTBF  >.  LCL  at  a  100(1-0)2  confidence  level.  Mj  (the  LCL)  is  generally 
considered  the  MTBF  of  the  population  since  the  population  MTBF  will  be  at 
least  Mi  at  a  100(l-a)2  confidence  level.  If  comparing  Mi  to  the  required 
MTBF  produces  an  accept  decision  for  the  test  item,  then  on  the  average, 
the  teat  item  will  function  as  required  at  a  100(l-a)2  confidence  level. 

d.  The  method  used  to  compute  Mi  and  M2  uae3  s  to  estimate  a. 

If  the  time  between  two  failures  is  close  to  the  MTBF,  s  will  be  small; 
anu  Mi  will  be  close  to  the  MTBF.  However,  if  the  times  between  failures 
are  erratic  (close  to  the  MTBF  in  some  cases  aud  far  from  the  MTBF  in  other 
cases),  s  will  be  large;  and  the  interval  between  the  Mi  and  the  MTBF  will 
increase.  Since  this  method  uses  the  student  t  distribution,  f  should  be 
less  than  or  equal  to  30. 

NOTE:  The  application  of  the  student  t  assumes  that 

the  MTBF's  are  approximately  normally  distributed. 

10.2.1.3  LIMITS  USING  THE  y2  DISTRIBUTION 

10.2.1.3.1  OBJECTIVE 

To  determine  the  two-sided  and  one-sided  limits  for  the  MTBF  using 
the  x  distribution. 
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10.2.1.3.2  DATA  REQUIRED 

A  list  of  sample  readings;  e.g. ,  operating  time  (primary  parameter) 
and  failures  (secondary  parameter).  ' 

10.2.1.3.3  PROCEDURE 

a.  Case  I:  UCL  and  LCL  (two-sided  limits),  also  referred  to  as 

M2  and  M} . 

(1)  Choose  the  desired  confidence  level. 

(2)  Use  Table  B-20,  page  2-128,  to  obtain  LF^^  for: 

(a)  f  +  1  d.f.,  if  a  time  terminated  test. 

(b)  f  d.f.,  if  a  failure  terminated  test. 

(3)  Use  Table  B-21,  page  2-129,  to  obtain  the  UFi^y  for 
f  d.f.,  for  both  the  time  and  failure  terminated  ztest. 

(A)  If  the  test  is  a  time  terminated  test,  compute  the 
following : 

(a)  Multiply  step  (2) (a)  by  Tt. 

(b)  Divide  step  (a)  by  the  quantity  (f+1)  to  obtain  the 
LCL. 

(c)  Multiply  step  (3)  by  T^. 

(d)  Divide  step  (c)  by  the  value  of  f  to  obtain  the  UCL. 

(5)  If  the  teat  is  a  failure  terminated  test,  compute  the 
following : 

(a)  Multiply  step  (2)  (b)  by  Tt. 

(b)  Divide  step  ( a )  by  f  to  obtain  the  LCL. 

(c)  Multiply  step  (3)  by  Tt. 

(d)  Divide  step  (c)  by  f  to  obtain  the  UCL. 

NOTE:  To  maintain  accuracy,  the  six  decimal  number 
found  in  Table  B-20,  page  2-128,  or  B-21, 
page  2-129 .must  be  used. 

(6)  Conclude  that  the  population  MTBF  is  equal  to  or  between 
the  UCL  and  LCL  at  the  desired  confidence  level. 

b.  Case  II.  UCL  (one-sided  limit),  also  referred  to  as  M2. 

(1)  Choose  the  desired  confidence  level. 

(2)  Use  Table  B-21,  page  2-129,  to  obtain  the  UFj^  for 

f  d.f.,  for  both  the  time  and  failure  terminated  test. 

(3)  Compute  the  UCL  as  follows: 

(a)  Multiply  step  (2)  by  T*. 

(b)  Divide  step  (a)  by  f. 

NOTE:  To  maintain  accuracy,  the  six  decimal  number 

found  in  Table  &-21,  page  2-129,  must  be  used. 

(A)  Conclude  that  the  population  MTBF  is  equal  to  or  less 
than  the  UCL  at  the  desired  confidence  level. 
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LCL  (one-sided) ,  also  referred  Co  as  Mj . 


(1)  Choose  Che  desired  confidence  level. 

(2)  Use  Table  B-20,  page  2-128,  Co  obcain  LF^  for: 

(a)  f+1  d.f.,  if  a  time  CermlnaCed  test, 

(b)  f  d.f..  If  a  failure  terminated  test. 

O)  If  a  time  terminated  test,  compute  the  LCL  as  follows: 

(a)  Multiply  step  (2) (a)  by  Tt. 

(b)  Divide  step  (a)  by  the  quantity  (f+1) . 

(4)  If  a  failure  terminated  test  compute  Che  LCL  as  follows: 

(a)  Multiply  step  (2)(b)  by  Tt. 

(b)  Divide  step  (a)  by  f. 

NOTE:  To  maintain  accuracy,  the  six  decimal 
number  found  in  Table  B-20,  page  2-123, 
must  bo  used. 

(5)  Conclude  that  the  population  MTBF  is  equal  to  or  greater 
than  the  LCL  at  the  desired  confidence  level. 


10.2.1.3.4  EXAMPLE 

Jf  _ 

a.  Case  I:  UCL  and  LCL  (two-sided  limits),  also  referred  to 
as  M2  and  Mi . 

Given: 

Sample  data  at  Table  A-6c,  page  1-21. 


Procedure: 

(1)  Choose  the  confidence  level 
(1-a). 

(2)  Use  Table  B-20,  page  2-128, 
to  obcain  LFi for: 

(a-*  f+1  d.f.,  If  a  time 

terminated  test. 

(b)  f  d.f.,  if  a  failure 
terminated  test. 


Example : 

(1)  o  ■  .05 
1-a  -  .95 

(2)  LF.975  for  13  d.f.  -  .620525 


(3)  Use  Table  B-21,  page  2-129, 
to  obtain  UF^^  f0r  f  d.f. 

(4)  Compute  for  a  time 
terminated  test: 


LCL  - 


(LFi-a^MTt) 

- F+T - 


(UFl-a/2)(Tt) 

UCL  -  - 

f 


(3)  UF.975  for  12  d.f.  -  1.935484 

(4)  Since  the  test  is  cime 
terminated , 

LCL  ..L£2 0525H2LS21 
(l2*l) 

-  179-093062 
*  179  hours 

„rT  ,  (1.935484) (3752) 

12 

-  605.161330 
»  606 
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(5)  Compute  for  a  failure 

terminated  test: 

(LFi_a/2)(Tt) 

LCL  -  - 

f 

(UPl-c/Oat) 

UCL  - - L - 

f 


(6)  Conclude  that  the  population 
MTBF  S  UCL  and  the  population  MTBF 
2  LCL  at  a  100(l-a)%  confidence 
level. 

b.  Case  II.  UCL  (one-sided 


(6)  Conclude  that  the  population 
MTBF  £  606  hours  and  the  popula¬ 
tion  MTBF  a  179  hours  at  a  95% 
confidence  level. 

limit),  also  referred  to  as  M2. 


Given : 


Sample  data  at  Table  A-6c,  page  1-21. 


Procedure: 

(1)  Choose  the  confidence 
level  (1-a) . 

(2)  Use  Table  B-21,  page  2-129, 
to  obtain  the  UFi_a  for  f  d.f., 
for  both  a  time  and  failure 
terminated  test. 

(3)  Compute 

UCL  -  »t) 

f 


(4)  Conclude  that  1  .e  population 
MTBF  £  UCL  at  a  100(l-a)%  confi¬ 
dence  level. 


Example : 

(1)  a  ■  .05 
1-a  -  .95 

(2)  UF.95  for  12  d.f.  -  1.739130 

(3) 

TTrT.  _  (1.739130)  (3752) 

12 

-  543.767980 
*  544 

(4)  Conclude  that  the  population 
MTBF  *  544  hours  at  a  95%  confi¬ 
dence  level. 


c.  Case  III:  LCL  (one-sided  limit),  also  referred  to  as  Mj . 
Given: 


Sample  data  at  Table  A-6c,  page  i_2i. 


Procedure: 


(1)  Choose  the  confidence 
level  (1-a) . 

(2)  Use  Table  B-20,  page  2-128, 
to  obtain  LFi_a  for: 

(a)  f+1  d.f.  ,  if  time 
terminated. 

(b)  f  d.f.,  if  failure 
terminated. 


(3)  Compute  for  a  time 
terminated  test: 

(LFi-aXTe) 

LCL  -  - 

(f+1) 
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Example: 

(1)  a  -  .05 
1-a  ■  .95 

(2)  LF  <95  for  13  d.f.  -  .668380 


(3)  Since  the  rest  is  time 
terminated , 


LCL 


(.668380)(3752) 

12+1 

192.907836 


■  192  hours 

(5)  Conclude  that  the  popula¬ 
tion  MTBF  a  192  hours  at  a  95% 
confidence  level. 

NOTE:  Although  the  confi¬ 
dence  level  is  numeri¬ 
cally  the  same  for  all 
three  cases,  Mj  and  M2 
take  on  different  values 
(see  Figure  15). 

10.:  1.3.5  ANALYSIS 

a.  The  two-sided  interval  surrounds  the  population  MTBF  such 
thac  the  population  MTBF  £■  UCL  and  the  population  MTBF  *  LCL  at  a  100(l-u)2 
confidence  level. 

b.  The  UCL  of  the  MTBF  is  determined  such  that  the  population 
MTBF  UCL  at  a  100 ( 1-a )%  confidence  level. 


(4)  Compute  for  a  failure 
terminated  test: 

(LF !-a) (Tt) 


(5)  Conclude  that  the 
population  MTBF  a  LCL  at  a 
100 (1-a )Z  confidence  level. 


c.  The  LCL  of  the  MTBF  is  determined  such  that  the  population 
.’-fTBF  >.  LCL  at  a  I00(l-a)£  confidence  level.  (the  LCL)  is  generally 
considered  the  MTBF  of  the  population  since  the  population  MTBF  will  be  at 
least  Mj  at  a  100(l-a)!t  confidence  level.  If  comparing  Mj  to  the  required 
MTBF  produces  an  accept  decision  for  the  test  item,  then  on  the  average, 
the  test  item  will  function  as  required  at  a  100 ( 1— a )%  confidence  level. 

d.  The  method  used  to  compute  Mj  and  M2  is  dependent  upon  the 
type  of  test  conducted;  i.e.,  time  terminated  or  failure  terminated.  The 
time  terminated  test  produces  a  more  conservative  estimate  for  the  LCL  of 
the  population  MTBF  since  a  safety  factor  of  one  is  added  to  the  number 
of  failures  which  occurred. 


4 


-143- 


I 


/ 


MTP  >1-005 
10  June  197U 
CHAHGE  1 


COMPARISON  OF  LIMITS 


a 


ft  fOW«t»r 


c 

Figure  15 
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APPLICATION  OF  THE  EXPONENTIAL  DISTRIBUTION 

10.2.2.1  OBJECTIVE 

To  determine  the  reliability  for  those  items  which  demonstrate 
an  exponential  lifetime  to  failure. 

10.2.2.2  DATA  REQUIRED 

The  mission  (operational)  profile  (MP) ,  Tt,  and  f. 

10.2.2.3  PROCEDURE 

a.  Choose  the  desired  confidence  level. 

b.  Compute  the  MTBF  (see  paragraph  10.2.1.1.3,  page  13*0* 

c.  Use  Table  B-20,  page  2-128,  to  obtain  the  LF  1-a  for: 

(1)  f+1  d.f.,  if  a  time  terminated  test. 

(2)  f  d.f.,  if  a  failure  terminated  test 

,  d.  Compute  the  LCL  as  follows: 

(1)  For  a  time  terminated  test,  multiply  step  c  by  T  and 
divide  by  the  quantity  (f+1) . 

(2)  For  a  failure  terminated  test,  multiply  step  b  by  step  c. 

NOTE:  To  maintain  accuracy,  the  six  decimal  number 
found  in  Table  B-20,  page  2-128. 

e.  Compute  R  as  follows: 

(1)  Divide  MP  by  step  d. 

(2)  Use  Table  B-22,  page  2-130,  to  obtain  e  raised  to 
the  negative  power  of  step  (1). 

f.  Conclude  that  p  is  equal  to  or  greater  than  R  at  the  desired 
confidence  level. 

g.  If  R  is  equal  to  or  greater  than  p0,  decide  that  p  is  equal 

to  or  greater  than  p0;  otherwise,  there  is  no  reason  to  believe  p  is  equal  to 
or  greater  than  p0  at  the  desired  confidence  level. 

10.2.2.4  EXAMPLE. 

Given: 

P0  -  .75 

Sample  data  at  Table  A-6c,  page  1-21. 
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Procedure: 


Example: 


a.  Choose  the  confidence 
level  (1-a) , 

b.  Compute: 

KTBP  «  \ 
f 


j  c.  Use  Table  B-20,  Page  2-128, 
j  to  obtain  LF^  for: 


a*  a  -  .05 

1-  a-. 95 

b.  MTBF  - 

12 

-  312.67 

-  313 

c.  LF  for  13  d.f. 

i-a 


(1)  f+1  d.f.,  if  a  time  terminated 
test. 

(2)  f  d.f.,  if  a  failure 
terminated  test. 


.668380 


d.  Compute: 

(1)  For  a  time  terminated  test 

LCL  -  a?  )  (Tt> 

m 

(2)  Por  a  failure  terminated 
test: 

LCL  (MTBF ) 

e.  Compute: 

-  MP 

R  -  e  LCL 


f.  Conclude  that  0  >_  R  at  a 
I  100  (1-  a)Z  confidence  level. 

8*  ^  8  i  do  ,  decide  that 

®  i.  00  ;  otherwise,  there  is  no 
reason  to  believe  0  >  00  at  a 
100  (1-  a  )Z  confidence  level. 


d.  Since  the  example  is  a  time 
terminated  test, 

LCL  •  (.668380)  (3752) 

12  +  1 

-  2507.761760 
13 

*  192  hours 

**  -48 

R  -  e  192.90 

-  e  ~-2kg 
•  .7796 

f.  Conclude  that  P  ±  .77  ac  a 
95X  confidence  level. 

g.  Since  .77  >_  .75,  decide  that 
D  -  at  a  95J  confidence  level 
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b.  Plot  the  sample  data  on  the  sequential  graph  as  follows: 
Given : 

Requirements  and  boundary  lines  from  step  a. 

Sample  data  at  Table  A-6e,  page  1-22. 

Procedure:  Example: 

(1)  Plot  the  cumulative  operating  (1)  (a)  (1,175) 

hours  at  appropriate  intervals  (b)  (2,490) 

(fi»  Ti)  •  See  Table  A-6e,  page  1-22 

for  complete  list. 

(2)  For  failures  1  through  4, 
decide  to  continue  testing. 
Decide  to  accept  the  test  item 
when  T  *  3133  hours  and 
f  ■  5  since  the  accept  boundary 
line  is  crossed.  See  Figure 
16,  page  148. 

10.2.3.5  ANALYSIS 

a.  The  sequential  method  generally  minimizes  tasting  time  and 
N  due  to  the  fact  that  a  decision  to  accept  or  reject  is  made  as  soon  as 
possible  after  the  first  failure.  Since  all  failures  are  not  necessarily 
chargeable  failures,  decisions  will  be  altered  if  certain  failures  are 
not  counted.  If  the  project  officer  ignores  a  failure,  the  probability 

of  accepting  an  unacceptable  item  is  increased.  Therefore,  the  project 
officer  must  carefully  decide  what  constitutes  a  failure  (see  paragraph 
4.2,  page  2). 

b.  Due  to  the  advantages  just  discussed,  the  sequential  method 
should  be  used  whenever  possible  (see  paragraph  10.2c,  page  134). 

10.3  COMBINED  RELIABILITY 

If  a  number  of  components  of  a  system  are  connected  in  such 
a  way  that  the  failure  of  any  one  component  causes  a  failure  of  the  system, 
then  these  components  are  considered  to  be  functionally  in  series.  The 
reliability  of  such  a  system  can  be  determined  by  the  following  method. 

10.3.1  OBJECTIVE 

a.  Case  I:  To  determine  the  reliability  of  a  system  based  on 
the  individual  reliabilities  of  its  components. 

b.  Case  II:  To  determine  the  reliability  of  an  individual 
component  of  a  system. 


(2)  After  plotting  each  point, 
decide  to  accept,  reject,  or 
continue  testing  the  test  item. 


10.3.2  : 


DATA  REQUIRED 


a.  Case  I:  N  and  f  for  each  component. 

b.  Case  II:  N  and  f  for  che  component  tested. 
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PROCEDURE 

a.  Case  I:  Reliability  of  independent  serial  systems. 

Choose  the  desired  confidence  level. 

Compute  the  point  estimate  reliability  (Rpg)  as  follows: 

(a)  Subtract  f  from  N  for  each  component. 

(b)  Divide  step  (a)  by  N  for  each  respective  component. 

(c)  Multiply  the  results  of  step  (b)  by  each  other. 

Compute  the  system  failures  (fs)  as  follows: 

(a)  Subtract  step  (2)  from  1. 

(b)  Multiply  step  (a)  by  the  minimum  N  of  the  components. 


(1) 

(2) 


(3) 


b. 


(4)  Compute  the  LCL  U3ing  Case  II  of  paragraph  10.1.1.4, 
page  122. 

NOTE:  When  using  fg  to  determine  d.f.i  and  d.f.2> 
round  off  the  results. 

(5)  Conclude  that  the  o  for  the  system  is  the  LCL  at  the 
desired  confidence  level. 

Case  II:  Reliability  of  a  component. 

See  Case  11(3)  of  paragraph  10.1.1.4,  page  122. 


10.3.4 


Procedure : 


EXAMPLE 

a.  Case  I:  Reliability  of  Independent  serial  systems. 
Given: 

Sample  data  at  Table  A-6g,  page  1-24. 

Example: 


(1)  Choose  the  confidence 
level  (1-a). 


(2)  Compute: 

S  -f 
rpe  “IT  N 

i 


Cl) 

(2) 


(3)  Compute: 

fs  *  WX-RPE> 


(3) 


a  »  .10 

1-a  "  .90 


»  i  90-2  \|90-4  \f45-U  f  45-3\ 
KpE  “1  90  •'  90  ■'  45  '  »  45  I 

-  (.9778)  (.9556) (.9778) 
(.9333) 

-  (.9344) (.9126) 

-  .8527 

f9  ■  45(1-. 8527) 

-  45(. 1473) 

-  6.628 
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(4)  Compute: 

d.f.j  -  2(fa)+2 

d.f.2  -  2(Naia)-2(f3) 


See  paragraph  10.1.1.4,  Case 
II,  page  122,  for  details. 
MOTE:  N  is  the  minimum  N  of 
the  components  and  f 
is  f8. 


(4)  d.f.!  -  2(6.628)+2 

-  13 . 256+2 

-  15.256 

-  15 

d.f.2  -  2(45)-2(6.628) 

-  90-13.256 

-  76.744 

-  76 

NOTE:  Use  15  and  70  in  F 
tables. 


1+ 1 

I  6.628+1  \ 

|  F.90 

(45-6.628  ] 

1 

1+l 

m  — 

1  7.628  \ 
(38.37  ] 
1 

|  (1.58) 

l+(. 1988) (1.58) 


1 

T73I5T 


-  .7610 

-  .76 

(5)  Conclude  that  the  p  for  (5)  Conclude  that  the  p 

the  system  is  the  LCL  at  a  for  the  system  is  .76  at  a 

100(J-a)2  confidence  level.  902  confidence  level. 

b.  Case  II:  Reliability  of  a  component. 

See  Case  II  (3)  of  paragraph  10.1.1.4,  page  122. 

10.3.5  ANALYSIS 

a.  Case  I.  The  point  estimate  (achieved)  reliability  of 
an  independent  serial  system  is  determined  by  multiplying  together  the  point 
estimate  reliability  of  the  components.  The  number  cf  system  failures  is 
determined  by  multiplying  the  minimum  sample  size  of  the  components  by  the 
quantity  (1-Rpg).  The  R  of  the  system  is  then  determined  as  a  LCL  (see 
paragraph  10.1.1.4,  Case  II,  page  122).  The  project  officer  will  compare 
this  R  to  p0  to  determine  whether  p  *  p0  at  a  100(l-a)Z  confidence  level. 

b.  Case  II.  R  at  a  100(l-o)2  confidence  level  is  computed  as  a 
LCL.  The  project  officer  will  compare  this  R  to  p0  to  determine  whether 
0  *  Po  aC  a  100(l-a)Z  confidence  level. 

11.  MAINTENANCE  EVALUATION 

11.1  MAINTENANCE  RATIO 
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11.1.1  OBJECTIVE 

To  determine  the  maintenance  ratio  (MR)  for  the  test  item. 

11.1.2  DATA  REQUIRED 

Records  of  active  maintenance  manhours  and  Tc. 

11.1.3  PROCEDURE 

a.  Sum  the  active  maintenance  manhours  to  obtain  the  total 
maintenance  manhours  (TM). 

b.  Sum  the  hours  of  operation  to  obtain  Tt* 

c.  Divide  TM  by  Tt. 


11.1.4  EXAMPLE 


Given : 

Sample  data  at  Table  A-7b 

procedure: 

a.  Compute: 

TM  *  I  active  maintenance 
manhours .  • 

b .  Compute : 

Tc  «  Z  operating  time. 

Compute: 

_  TM 
MR  »  — 

Tc 


,  page  1-26. 

Example: 

a.  TM  - 

b.  Tt  - 

c.  MR  * 


9.25  manhours 


109.75  hours 

9.25 

109.75 

.084282 

.0842  manhours  pec  hour 


i  1 .  i . 

ANALYSIS 

required 

The  MR  indicates  the  amount  of  active  maintenance 
per  operating  hour  for  die  test  item. 

manhours 

11.2 

MAINTAINABILITY 

11.2.1 

OBJECTIVE 

To  determine  the  maintainability  (M) . 

11.2.2 

DATA  RE0U1RED 

actions 

a.  Active  maintenance  time  (AMT) ,  the  number  of 
(MA) ,  the  allowable  maintenance  action  time  (u>). 

maintenance 

b.  Time  to  repair  (KT) ,  u,  and  f. 

11.2.3 

PROCEDURE 

a.  Case  I:  Maintainability,  based  on  all  MA's. 

(1)  Sum  Che  AMT's  (EAMT). 

(2)  Divide  step  (1)  bv  MA  to  obtain  the  mean  active 
maintenance  time  (M). 
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(3)  Determine  the  maintenance  action  rate  (AR)  by  dividing 
1  by  step  (2) . 

(4)  Compute  M  as  follows: 

(a)  Multiply  step  (3)  by  u. 

(b)  Raise  the  exponential  (e)  to  the  negative  power 
of  step  (a)  (see  Table  B-22,  page  2-130). 

(c)  Subtract  step  (b)  from  1. 

(5)  Conclude  that  the  M  Is  the  probability  of  completing 
an  MA  of  the  population  within  prescribed  limits  based 
on  the  sample. 

b.  Case  II:  Maintainability,  based  only  on  failures. 

(1)  Compute  Y,  an  intermediate  value,  as  follows: 

(a)  If  f  is  equal  to  or  less  than  3,  compute: 

,1.  Use  Table  B-22,  page  2-130  to  obtain  e 
raised  to  the  negative  power  of  f. 

2.  Subtract  step  1  from  1. 

(b)  If  f  is  greater  than  3,  set  Y  equal  to  1. 

(2)  Sum  the  repair  time  (IRT). 

(3)  Divide  step  (2)  by  f  to  obtain  the  mean  time  to 
repair  (MTTO) . 

(4)  Divide  1  by  step  (3)  to  obtain  the  repair  rate  (RR) . 

(5)  Compute  U,  an  intermediate  value,  as  follows: 

(a)  Multiply  step  (4)  by  u. 

(b)  Use  Table  B-22,  page  2-130,  to  obtain  e  raised 
to  the  negative  power  of  step  (a). 

(c)  Subtract  step  (b)  from  1. 

(6)  Multiply  step  (1)  by  step  (5)  to  obtain  M. 

(7)  Conclude  that  the  M  is  the  probability  of  completing 

a  failure  within  prescribed  limits  based  on  the  sample. 


11.2.4  EXAMPLE 

a.  Case  I:  Maintainability,  based  on  all  MA's. 
Given: 
to  ■  .5  hour 
MA  -  22 

Sample  data  at  Table  A-7a,  page  1-25. 


Procedure : 

(1)  Compute: 
ZAMT 

(2)  Compute: 

H 


Example: 

(1)  ZAMT 

(2)  M  -  . 


-  16.9  hours 

16.9 

22 

.7682 


»  .77  hour  per  action. 
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(3)  Compute: 


(3)  AR 


AR 


1 

M 
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»  1 

7FS82 

»  1.3143 

■  1.31  action3  per  hi1. 


(4)  Compute: 

M  -  H®"1 
Vs.  Table  B-22,  page  2-130. 


(5'j  Conclude  that  the  M  Is 
the  probability  of  completing 
an  MA  within  prescribed  limits 
based  on  the  sample. 

b.  Case  II:  Maintainability, 
Given: 

til  ■  .5  hours 
f  -  5 

■'  Sample  data  at  Table  A-7a, 
Procedure: 


(4) 


«-  i-.-ti-aW-s) 

-.657 


-  1-e 

-  1-.5184 

-  .481 6 

-  .48 

(5)  Conclude  that  .48  is  the 
probability  of  completing  an 
MA  in  .5  hour  or  less  based 
on  the  sample. 

based  only  on  failures 


page  1-25. 
Example: 


(1) 

Compute: 

(1) 

Since  5  >  3, 

(a)  If  f  i  3,  compute: 

Y  -  1-e 

Y  -  1 

(b)  If  f  >  3,  assume: 

Y  -  1 

(2) 

Compute: 

ERT 

(2) 

ERT  -  4.8  hours 

4.8 

MTTR  » 

(3) 

Compute : 

(3) 

^  ERT 

MTTR  -  -j- 

•  .960  hr.  per 
failure 

1 

(4) 

Compute : 

(4) 

** "  ~rm 

BR  - 

MTTR 

m  1.04  failures  per 
hr.  of  repair 

(5) 

Use 

Compute: 

0  .  i-.- «*><“> 

Table  B-22,  page  2-130. 

(5) 

U  m  l-e”^l*°4) (.5) 

■  1-e-520 

-  1-.5945 

-  .4055 

-  .41 
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(6)  Compute: 

M  -  Y (U) 

(7)  Conclude  that  the  M 
la  the  probability  of 
completing  a  failure  within 
prescribed  limits  based  on 
the  sample. 


(6)  M-  (1)  (.41) 

-  .41 

(7)  Conclude  that  .41  is 
the  probability  of  completing 
a  failure  in  .5  hour  or  less 
based  on  the  sample. 


11.2.5  ANALYSIS 

Maintainability  is  a  characteristic  of  design  and  installation 
which  is  expressed  as  the  probability  than  an  item  will  be  retained  In  or 
restored  to  a  specified  condition  within  a  given  period  of  time,  when  the 
maintenance  is  performed  in  accordance  with  prescribed  procedures  and 
resources.  The  maintainability  increases  exponentially  with  time  for  a 
given  maintenance  action  rate.  The  greater  the  time  available  to  perform 
a  MA,  the  greater  will  be  the  probability  of  successfully  performing  the 
maintenance  action. 


11.3  AVAILABILITY 

Availability  is  a  measure  of  the  degree  to  which  an  item  is 
in  the  operable  and  commlttable  state  when  the  mission  is  called  for  at 
an  unknown  (random)  point  in  time.  Availability  actually  consists  of  two 
components:  maintainability  and  reliability.  Poor  reliability  can  be 
offset  by  correspondingly  improved  maintainability.  For  test  purposes 
availability  is  broken  down  into  three  types  which  are  discussed  in  the 
following  paragraphs. 

11.3.1  INHERENT  AVAILABILITY 

11.3.1.1  OBJECTIVE 

To  determine  the  inherent  availability  (Ai)  of  the  test  item 
as  an  estimate  of  the  population  availability. 


11.3.1.2  DATA  REQUIRED 

T(,  f,  and  RT's. 


11.3.1.3 


100 (A^)Z. 


PROCEDURE 

a.  Compute  MTBF  (see  paragraph  10.2.1.1.3,  page  134). 

b.  Compute  the  mean  time  to  repair  (MTTR)  as  follows: 

(1)  Sum  the  RT's  (IRT). 

(2)  Divide  step  (1)  by  f. 

c.  Compute  A^  as  follows: 

(1)  Add  step  a  to  step  b. 

(2)  Divide  step  a  by  step  (1). 

d.  Conclude  that  the  inherent  availability  of  the  sample  is 
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11.3.1.4  EXAMPLE 
Given: 

Sample  data  at  Table  A-7b, 

Procedure: 

a.  Compute: 

Tt 

MTBF  -  — 

b.  Compute: 

MTTR.BI 
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c.  Compute: 


MTBF 

MTBF+MTTR 


page  1-26. 

Example : 

a.  MTBF  -  109.8/3 

*  36.600  hours 

b.  MTTR  =*  4.8/3 

■  1.600  hours  per 
failure 

c.  A  36.600 

1  36 . 600+1 . 600 

_  36.600 

38.200 

-  .95811 


d.  Conclude  that  the  inherent 
availability  of  the  sample  is 
100 (At)!.' 

11.3.1.5  ANALYSIS 


d.  Conclude  that  the  Inherent 
availability  of  the  sample  is 
95. 8%. 


Ai  is  the  probability  that  a  system  or  equipment,  when  used 
under  stated  conditions  without  consideration  for  any  scheduled  or  pre¬ 
ventive  maintenance  in  an  ideal  support  environment;  i.e.,  when  all  tools, 
parts,  manpower,  and  manuals  are  available,  will  operate  satisfactorily 
at  any  given  time.  A^  excludes  ready  time,  preventive  maintenance 
downtime  ,  supply  downtime,  and  waiting  or  administrative  downtime.  A*  is  a 
prediction  of  the  population  inherent  availability. 

11.3.2  ACHIEVED  AVAILABILITY 

11.3.2.1  OBJECTIVE 

To  determine  the  achieved  availability  (Aa)  of  the  test  item. 

11.3.2.2  DATA  REQUIRED 
Tt,  MA,  and  AMT. 


11.3.2.3  PROCEDURE 


(MTBM) 


a.  Divide  Tt  by  MA  to  obtain  the  mean  time  between  maintenance 

b.  Compute  M  as  follows: 

(1)  Sum  the  AMT's. 

(2)  Divide  step  (1)  by  MA. 
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c.  Compute  A*  a*  follows: 

(1)  Add  step  a  and  step  b. 

(2)  Divide  step  a  by  step  (1). 

d.  Conclude  that  the  achieved  availability  of  the  sample 
is  100 (Aa)Z. 


11.3.2.4  EXAMPLE 


Given: 

Sample  data  at  Table  A- 7b,  page  1-26. 


Procedure : 
a.  Compute: 


KTBM  -  — 
MA 

b.  Compute: 


H  - 


IAMT 

MA 


c.  Compute: 

*  MTBM 
A  - - 

ktbm+H 


Example: 

a.  KTBM  -  109.8/7 

-  15.686 

*•  15.7  hr.  per  MA 

b.  IT  -  6.8/7 

-  .971 

»  .97  Active  maint¬ 
enance  time  per  MA 

15.686 

C.  Aa  ■  ___________ 

15. 686+. 971 

_  15.686 
*  16.657 

-  .941706 

-  .94 


d.  Conclude  that  the  achieved  d.  Conclude  that  the  achieved 

availability  of  the  sample  is  availability  of  the  sample  is  942. 

100(Aa)Z. 


11.3.2.5  ANALYSIS 

Aa  is  the  probability  that  a  system  or  equipment,  when  used 
under  stated  conditions  in  an  ideal  support  environment,  will  operate 
satisfactorily  at  any  given  time.  Aa  is  the  sample's  achieved  availability 
and  excludes  supply  downtime  and  waiting  or  administrative  downtime. 


11.3.3  OPERATIONAL  AVAILABILITY 

11.3.3.1  OBJECTIVE 

To  determine  the  operational  availability  (Aq)  of  the  test  item. 

11.3.3.2  DATA  REQUIRED 


Tc,  MA,  AMT,  and  delay  time  (supply  and  administrative  downtime) 
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11.3.3.3  PROCEDURE 

a.  Compute  MTBM  (see  paragraph  11.3.2.3,  page  159). 

b.  Sum  the  AMT's  and  the  delay  time. 

c.  Divide  step  b  by  MA  to  obtain  the  mean  downtime  (MDT) . 

d.  Compute  Ao  as  follows: 

(1)  Add  step  a  and  step  c. 

(2)  Divide  step  a  by  step  (1) . 

e.  Conclude  that  the  operational  availability  of  the  sample 
in  a  test  support  environment  is  100 (Ag) Z. 
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11.3.3.5  ANALYSIS 

Aq  la  the  probability  that  a  system  or  equipment,  when  used 
under  stated  conditions  in  a  real  support  environment,  will  operate 
satisfactorily  at  any  given  time.  A0  Includes  ready  time,  maintenance 
downtime,  preventive  maintenance  downtime,  supply  downtime,  and  waiting 
or  administrative  downtime. 
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TABLE  A- la 


BiVARIATE  NORMAL  DISTRIBUTION  RAM  DATA 


READING  NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 


EASTING 

2500 

2601 

2575 

2581 

2560 

2590 

2565 

2575 
2560 
2580 

2576 
2553 
2550 
2570 
2549 


NORTHING 

3218 

3305 

3279 
3221 
3250 
3261 

3249 

3250 
3239 

3251 
3270 
3251 

3280 
3245 
3278 


WORTH 

3300-3319 

3280-2399 

3260-3279 

3240-3259 

3220-3239 

3200-3219 

TOTAL 


*  TABLE  A- lb 


BIVARIATE  NORMAL  DISTRIBUTION  GROUPED  DATA 


Os 

as 

Os 

m 

r- 

m 

wn 

wn 

sn 

CM 

PM 

<N 

i 

PM 

| 

1 

O 

1 

o 

o 

© 

o 

<m 

o 

m 

m 

m 

CM 

PM 

PM 

PM 

o\ 

I r> 
1 

o 

00 

u-l 

<N 


vO 

CN 

t 

o 

o 


1 

1  o 


12  1 

14  1 

1  1 


3  7  3  1 


TOTAL 

1 

1 

4 

6 

2 

1 
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MTP  3-1-005  | 

1  March  1972  j 

TABLE  A- 2a  '< 

MEAN 

TEST:  ■■ 

Prepare  for  action  under  daylight  condition. 


TIME 

(minutes) 

A 

Ai 

89.3 

2.883 

8.312 

90.4 

3.983 

15.864 

86.0 

-.417 

.174 

83.6 

-2.817 

7.936 

84.4 

-2.017 

4.068 

86.1 

-.317 

.100 

86.0 

-.417 

.174 

88.0 

1.583 

2.506 

86.7 

.283 

.080 

87.4 

.983 

.966 

86.1 

-.317 

.100 

83.0 

-3.417 

11.676 

N  -  12 

X  -  86.417 
■  86.4  min. 
EA2  -  51.9567 
«2  .  4.723 
s  -  2.173 
»  2.2  min. 
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TABLE  A- 5b 

PE:  STANDARD  DEVIATION 


READING  NUMBER 

READING 

(meters) 

A 

a£ 

1 

1248 

-10.00 

100.0 

2 

1100 

-158.00 

24,964.0 

3 

1260 

2.00 

4.0 

4 

1300 

42.00 

1,764.0 

5 

1260 

2.00 

4.0 

6 

1234 

-24.00 

576.0 

7 

1287 

29.00 

841.0 

8 

1275 

17.00 

289.0 

9 

1290 

32.00 

1,024.0 

10 

1280 

22.00 

484.0 

11 

1225 

-33.00 

1,089.0 

12 

1325 

67.00 

4,489.0 

13 

1223 

-35.00 

1,225.0 

14 

1299 

41.00 

1,681.0 

15 

1268 

10.00 

100.0 

16 

1254 

-4.00 

16.0 

N  -  16 
X  -  1258.00 
-  1258  meters 
IA2  -  38,650.0 
s2  -  2,576.67 
s  *50.76 


51  meters 


10  June  197 ^ 

CHANGE  1 

READING  NUMBER 

1 

TABLE  A-5c 

PE  SUCCESSIVE  DIFFERENCES 

READING  A 

(netere) 

1248 

2 

1100 

148 

3 

1260 

-160 

4 

1300 

-40 

3 

1260 

40 

6 

1234 

26 

7 

1287 

-53 

8 

1275 

12 

9 

1290 

-15 

10 

1280 

10 

11 

1225 

55 

12 

1325 

-100 

13 

1223 

102 

14 

1299 

-76 

15 

1268 

31 

16 

N  -  16 

j  IX*  -  85,020 

*2  -  5,668.00 

1254 

14 

t 


I 


\ 
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TABLE  A-5f  continued 


READING  NUMBER 

N 

AN 

AN2 

1 

46530 

-268.71 

72,205 

2 

46516 

-282.71 

79,925 

4 

45971 

-827.71 

685,104 

5 

46831 

32.29 

1,043 

6 

46972 

173.29 

30,029 

7 

47015 

216.29 

46,781 

8 

46505 

-293.71 

86,266 

9 

47230 

431.29 

186,011 

10 

46993 

194.29 

37,749 

11 

47020 

221.29 

48,969 

12 

47044  > ' 

245.29 

60,167 

13 

46845 

46.29 

2,143 

14 

46570 

-228.71 

52,308 

15 

47140 

341.29 

116,479 

Nj  •  14 

NORTH  -  46798.71 
-  46799 

IAN2  -  1,505,179 
s2  -  U5, 783.0 
aN  -  340.27 
-  340 

TABLE  A-6a 

SEQUENTIAL  TESTING:  SUCCESS  -  FAILURE 


FAILURE 

SAMPLES  TESTED 

COORDINATES 

1 

30 

(30,1) 

2 

75 

(75,2) 

3 

110 

(110,3) 

4 

160 

(160,4) 

MTP  3-1-005 
1  March  1972 


TABLE  A-6g 
COMBINED  RELIABILITY 


COMPONENT 

NUMBER 


SAMPLE 

SIZE 


FAILURES 


I 


HTP  3-1-005 
10  June  197** 
CHANGE  1 

1 


TABLE  B-7  continued 
PERCENTILES  OF  THE  x2  DISTRIBUTION 


.40 

.30 

.25 

.20 

.10 

.05 

.025 

.01 

.005 

.001 

.C0C5 

31 

83.6 

87.2  . 

89.2 

91.5 

97.7 

103.0 

107.8 

113.5 

117.5 

126.1 

129.5 

82 

84.6 

88.2 

90.2 

92.5 

98.8 

104.1 

108.9 

114.7 

118.7 

127.3 

130.8 

33 

85.6 

89.2 

91.3 

93.6 

99.9 

105.3 

110.1 

115.9 

119.9 

128.6 

132.0 

84 

86.6 

90.3 

92.3 

94.7 

101.0 

106.4 

111.2 

117.1 

121.1 

129.8 

133.3 

85 

87.7 

91.3 

93.4 

95.7 

102.1 

107.3 

112.4 

118.2 

122.3 

131.0 

134.5 

86 

88.7 

92.4 

94.4 

96.8 

103.2 

108.6 

113.3 

119.4 

123.3 

132.3 

135.8 

87 

89.7 

93.4 

95.5 

97.9 

104.3 

109.8 

114.7 

120.6 

124.7 

133.5 

137.0 

88 

90.7 

94.4 

96.5 

98.9 

105.4 

110.9 

113. 8 

121.8 

125.9 

134.7 

138.3 

89 

91.7 

95.5 

97.6 

100.0 

106.5 

112.0 

117.0 

122.9 

117.1 

136.0 

139.5 

90 

92.8 

96.5 

98.6 

101.1 

107. 6k 

113.1 

118.1 

124.1 

128.3 

137.2 

140.8 

91 

93.8 

97.6 

99.7 

102.1 

108.7 

114.3 

119.3 

125.3 

129.5 

138.4 

142.0 

92 

94.8 

98.6 

100.7 

103.2 

109.8 

115.4 

120.4 

126.5 

130.7 

139.7 

143.3 

93 

95.8 

99.6 

101.8  • 

104.2 

110.9 

116.5 

121.6 

127.6 

131.9 

140.9 

144.5 

94 

96.8 

100.7 

102.8 

105.3 

111.9 

117.6 

122.7 

128.8 

133.1 

142.1 

145.8 

95 

97.9 

101.7 

103.9 

106.4 

113.0 

118.8 

123.9 

130.0 

134.2 

143.3 

147.0 

96 

98.9 

102.8 

104.9 

107.4 

114.  V 

119.9 

125.0 

131.1 

133.4 

144.6 

148.2 

97 

99.9 

103.8 

106.0 

108.5 

115.2 

121.0 

126.1 

132.3 

136.6 

145.8 

149.5 

98 

100.9 

104.8 

107.0 

109.5 

116.3 

122.1 

127.3 

133.5 

137.8 

147.0 

150.7 

99 

101.9 

105.9 

108.1 

110.6 

117.4 

123.2 

128.4 

.134.6 

139.0 

148.2 

151.9 

100 

102.9 

106.9 

109.1 

111.7 

118.5 

124.3 

129.6 

133.8 

140.2 

129.4 

153.2 

For  larger  degrees  of  freedom: 

a  2  2(d.f.  -l)^2  aPProximately »  where  d.f.  ■  degrees 

of  freedom  and  Za  is  given  in  Table  B-**. 
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TAB  LX  H* 

racnmus  o?  na  »  bistxuution 


1 

2 

3 

4 

3 

6 

i 

8 

9 

10 

12 

15 

1 

1.00 

1.30 

1.71 

1.82 

1.88 

1.94 

1.98 

2.00 

2.03 

2.04 

2.07 

2.09 

2 

.687 

1.00 

1.13 

1.21 

1.23 

1.28 

1.30 

1.32 

1.33 

1.34 

1.36 

1.38 

3 

.385 

.881 

1.00 

1.08 

1.10 

1.13 

1.13 

1.16 

1.17 

1.18 

1.20 

1.21 

4 

.348 

.828 

1941 

1.00 

L.04 

1.06 

1.08 

1.08 

1.10 

1.11 

1.13 

1.14 

3 

.328 

.780 

.907 

.843 

1.00 

1.02 

1.0* 

1.03 

1.08 

1.07 

1.09 

1.10 

6 

.513 

.780 

.888 

.842 

.877 

1.00 

1.02 

1.03 

1.04 

1.03 

1.06 

1.07 

7 

.504 

.767 

.871 

.826 

.880 

.M3 

1.00 

1.01 

1.02 

1.03 

1.04 

1.05 

8 

.488 

.737 

.860 

.913 

.941 

.971 

.918 

1.00 

1.01 

1.02 

1.03 

1.04 

9 

-  .484 

.748 

.832 

.908 

.939 

.982 

.918 

.880 

1.00 

1.01 

1.02 

1.03 

10 

.490 

.743 

.843 

.499 

.932 

.934 

.921 

.983 

.992 

1.000 

1.010 

1.021 

u 

.486 

.738 

.840 

.893 

.926 

.948 

.98* 

.977 

.986 

.994 

1.004 

1.013 

12 

.484 

.733 

.833 

.888 

.921 

.943 

.939 

.972 

.981 

.M9 

1.000 

1.010 

13 

.482 

.733 

.832 

.884 

.917 

.939 

.938 

.969 

.978 

.985 

.993 

1.006 

14 

.480 

.730 

.829 

.881 

.914 

.934 

.933 

.966 

.974 

.981 

.992 

1.003 

13 

.478 

.724 

.826 

.878 

.911 

.933 

.9*8 

.960 

.970 

.977 

.989 

1.000 

18 

.477 

.724 

.824 

.876 

.908 

.930 

.9*3 

.939 

.988 

.973 

.986 

.997 

17 

.478 

.723 

.822 

.874 

.906 

.928 

.9*2 

.938 

.886 

.973 

.M4 

.984 

18 

.474 

.722 

.820 

.872 

.904 

.926 

.9*0 

.936 

.984 

.971 

.Ml 

.982 

If 

.473 

.720 

.818 

.870 

.902 

.924 

.939 

.933 

.982 

.969 

.980 

.980 

20 

.472 

.718 

.816 

.888 

.900 

.922 

.938 

.950 

.939 

.986 

.977 

.M9 

21 

.471 

.717 

.813 

.888 

.899 

.921 

.933 

.949 

.938 

.  *66 

.976 

.987 

22 

.470 

.718 

.814 

.863 

.897 

.919 

.93* 

.948 

.937 

.965 

.973 

.986 

23 

.468 

.713 

.813 

.884 

.893 

.918 

.933 

.946 

.936 

.963 

.974 

.984 

24 

.468 

.714 

.812 

.883 

.895 

.917 

.932 

.944 

.933 

.961 

.972 

.983 

23 

.448 

.713 

.811 

.862 

.894 

.916 

.931 

.943 

.952 

.961 

.971 

.M2 

28 

*68 

.712 

.810 

.861 

.883 

.915 

.930 

.942 

.9*7 

.940 

.970 

.Ml 

27 

.488 

.711 

.808 

.880 

.882 

.914 

.929 

.941 

.950 

.939 

.970 

.980 

21 

.447 

.710 

.808 

.839 

.881 

.914 

.928 

.940 

.950 

.958 

.969 

.979 

19 

.484 

.708 

.808 

.838 

.881 

.913 

.927 

.940 

.949 

.938 

.968 

.978 

30 

.488 

.708 

.807 

.838 

880 

.912 

.927 

.939 

.944 

.933 

.966 

.978 

40 

.463 

.703 

.802 

.834 

.883 

.907 

.922 

.934 

.943 

.930 

.961 

.972 

30 

.462 

.703 

.800 

.831 

.883 

.904 

.918 

.931 

.940 

.948 

.939 

.969 

80 

.461 

.701 

.788 

.848 

.880 

.901 

.917 

.928 

.937 

.943 

.936 

.967 

70 

- 

- 

- 

.848 

.879 

.900 

.913 

.927 

.936 

.943 

.933 

.963 

80 

- 

- 

- 

.847 

.878 

99 

.91* 

.926 

.933 

.944 

.934 

.964 

90 

- 

- 

- 

.844 

.877 

.898 

.913 

.923 

.934 

.943 

.953 

.963 

100 

- 

- 

- 

.843 

.876 

.897 

.912 

.924 

.931 

.942 

.932 

.962 

120 

.438 

.697 

.783 

.844 

.873 

.896 

.912 

.923 

.932 

.939 

.930 

.961 

500 

.433 

.693 

.788 

.838 

.870 

.891 

.907 

.919 

.928 

.937 

.947 

.958 

•S«.  Sot.  on  ps|*  2-34. 
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TA1U  8-3  cratlauad 
mCDmU  OF  THE  F  DISTBIBOTIOd 

F  .9* 


1 

20 

25 

30 

60 

50 

60 

2 1 

6209  6235 

6261 

6287 

6300 

6313 

2 

99.65 

99.66 

99.67 

99. 

67 

99.68 

99.68 

3 

26.69 

26.60 

26.50 

26: 

61 

26.37 

26.32 

4 

16.02 

13.93 

13.86 

13. 

75 

13.70 

13.65 

5 

9.55 

9.67 

9.38 

9. 

29 

9.25 

9.20 

0 

7.60 

7.31 

7.23 

7. 

16 

7.10 

7.06 

7 

6.16 

6.07 

5.99 

5. 

91 

5.87 

5.82 

* 

5.36 

5.28 

5.20 

5. 

12 

5.08 

5.03 

9 

6.81 

6.73 

6.65 

6. 

57 

6.53 

6.68 

10 

6.61 

6.33 

6.25 

6. 

17 

6.16 

6.08 

11 

6.10 

6.02 

3.96 

3. 

86 

3.86 

3.78 

12 

3.86 

3.78 

3.70 

3. 

62 

3.59 

3.56 

13 

3.66 

3.59 

3.51 

3. 

63 

3.39 

3.36 

14 

3.51 

3.63 

3.35 

3. 

27 

3.23 

3.18 

15 

3.37 

3.29 

3.21 

3. 

13 

3.09 

3.05 

16 

3.26 

3.18 

3.10 

3. 

02 

2.98 

2.93 

17 

3.16 

3.08 

3.00 

2. 

92 

2.88 

2.83 

18 

3.08 

3.00 

2.92 

2. 

86 

2.79 

2.75 

19 

3.00 

2.92 

2.86 

2. 

76 

2.71 

2.67 

20 

2.96 

2.86 

2.78 

2. 

69 

2.65 

2.61 

21 

2.88 

2.80 

2.72 

2. 

66 

2.59 

2.55 

22 

2.83 

2.75 

2.67 

2. 

58 

2.53 

2.50 

23 

2.78 

2.70 

2.62 

2. 

,56 

2.69 

2.65 

24 

2.76 

2.66 

2.58 

2. 

,69 

2.66 

2.60 

25 

2.70 

2.62 

2.56 

2. 

,65 

2.60 

2.36 

26 

2.66 

2.59 

2.50 

2 

.62 

2.37 

2.33 

27 

2.63 

2.55 

2.67 

2 

.38 

2.33 

2.29 

28 

2.60 

2.52 

2.66 

2 

.35 

2.30 

2.26 

29 

2.57 

2,69 

2.61 

2 

.33 

2.27 

2.23 

30 

2.55 

2.67 

2.39 

2 

.30 

2.25 

2.21 

40 

2.37 

2.27 

2.20 

2 

.11 

2.06 

2.02 

SO 

2.26 

2.16 

2.10 

2 

.91 

1.95 

1.91 

60 

2.20 

2.10 

2.03 

1 

.96 

1.38 

1.86 

70 

2.15 

2.05 

1.98 

1 

.89 

1.83 

1.78 

30 

2.11 

2.01 

1.96 

1 

.85 

1.79 

1.75 

90 

2.08 

1.99 

1.92 

1 

.82 

1.76 

1.72 

100 

2.06 

1.97 

1.85 

1 

.80 

1.76 

1.69 

120 

2.03 

1.93 

1.86 

1 

.76 

1.70 

1.66 

500 

1.91 

1.81 

1.76 

1 

.63 

1.57 

1.52 

70 

80 

90 

100 

120 

500 

- 

- 

- 

6339 

6366 

_ 

_ 

_ 

- 

99.69 

99.50 

_ 

. 

26.22 

26.13 

_ 

_ 

. 

13.56 

13.66 

- 

- 

- 

- 

9.11 

9.02 

. 

_ 

6.97 

6.88 

_ 

. 

5.76 

5.65 

_ 

6.95 

6.86 

__ 

_ 

_ 

. 

6.60 

6. 31 

6.10 

6.08 

6.07 

6.06 

6.00 

3.97 

3.78 

3.77 

3.75 

3.76 

3.69 

3.66 

3.56 

3.52 

3.50 

3.69 

3.65 

3.61 

3.33 

3.32 

3.30 

3.29 

3.25 

3.21 

3.17 

3.15 

3.16 

3.13 

3.09 

3.06 

3.03 

3.02 

3.00 

2.99 

2.96 

2.90 

2.92 

2.90 

2.88 

2.87 

2.86 

2.79 

2.82 

2.80 

2.78 

2.77 

2.75 

2.69 

2.73 

2.71 

2.70 

2.69 

2.66 

2.60 

2.65 

2.66 

2.62 

2.61 

2.58 

2.52 

2.59 

2.57 

2.55 

2.56 

2.52 

2.65 

2.53 

2.51 

2.69 

2.68 

2.66 

2.39 

2.67 

2.65 

2.66 

2.63 

2.60 

2.33 

2.62 

2.60 

2.39 

2.38 

2.35 

2.28 

2.38 

2.36 

2.36 

2.33 

2.31 

2.26 

2.36 

2.32 

2.30 

2.29 

2.27 

2.20 

2.30 

2.28 

2.27 

2.25 

2.23 

2.16 

2.27 

2.25 

2.23 

2.22 

2.20 

2.12 

2.26 

2.23 

2.20 

2.19 

2.17 

2.09 

2.21 

2.19 

2.17 

2.16 

2.16 

2.06 

2.18 

2.16 

2.15 

2.13 

2.11 

2.03 

1.99 

1.97 

1.95 

1.96 

1.92 

1.33 

1.88 

1.86 

1.86 

1.83 

1.80 

1.71 

1.81 

1.78 

1.76 

1.75 

1.73 

1.63 

1.75 

1.73 

1.71 

1.70 

1.67 

1.57 

1.71 

1.69 

1.67 

1.65 

1.63 

1.53 

1.68 

1.66 

1.66 

1.62 

1.60 

1.69 

1.66 

1.63 

1.61 

1.60 

1.57 

1.67 

1.62 

1.60 

1.58 

1.56 

1.63 

1.62 

1.68 

1.65 

1.63 

1.61 

1.38 

1.23 
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NOTE:  The  Cables  for  F.go  and  F.gg  were  generated  using  Che 

2v 

formula  F  *  e  where : 


The  approximation  Is  accurate  enough  for  practical  uses 
when  d.f.j  and  d.f.2  i.  10.  However,  the  formula  has  been 
used  for  d.f.j  <_10  and  d.f.2  <  10  for  F.go  and  F.95  because 
no  tables  were  available. 

Values  other  than  the  ones  found  In  the  standard  F  tables 
were  also  supplied  using  the  above  formula  where  possible  and 
If  not  possible,  dashes  were  left,  e.g.,  F.90,  (so*  2)  *  ~  • 

In  the  event  of  a  dash  occurring,  use  the  smaller  d.f.  which 
appears  In  the  table  for  computation  purposes;  e.g.,  use 

*•90.  (60,  2)  "  9.47  for  F.90>  (so,  2)* 


MIP  3-1- 
10  June 
CHAHC3  1 


P4CT0U  rat  COKPUTUC  TWKIZBB  COKFTDWCI  IfflnS  FOt  9 


0»vpr  *«* 

■»* 

d.f . 

•  • 

.05 

a  • 

01 

.  -  .001 

S 

•n 

*1 

s 

1 

17.74 

.3574 

84.31 

•  2949 

344.4 

.2480 

2 

4.859 

.4581 

10.70 

.3879 

33.24 

.3291 

1 

3.183 

.3178 

5.444 

.US) 

11.45 

.3824 

A 

2.547 

.3590 

3.842 

.4845 

4.958 

.4218 

J 

2.2a 

.3844 

3.175 

.5182 

5.085 

.4529 

A 

2.052 

.4143 

2.744 

.5437 

4.128 

.4784 

7 

1.918 

.43U 

2.440 

.5450 

3.551 

.3000 

• 

1.820 

.4313 

2.311 

.5830 

3.147 

.5188 

9 

1.744 

.4437 

2.173 

.5487 

2.844 

.33a 

10 

1.484 

.4784 

2.045 

.4123 

2.484 

.3492 

11 

1.438 

.4894 

1.980 

.42a 

2.530 

.5421 

12 

1.398 

.4495 

1.404 

.4358 

2.402 

.3738 

13 

1.544 

.7084 

1.851 

.4458 

2.298 

.3843 

14 

1.334 

.7144 

1.801 

.4549 

2.210 

.3942 

15 

1.304 

.7240 

1.758 

.4432 

2.134 

.4032 

14 

1.484 

.7308 

1.721 

.4710 

2.073 

.4114 

17 

1.444 

.7372 

1.488 

.4781 

2.017 

.4193 

11 

1.4a 

.7430 

£458 

.48a 

1.4a 

.4244 

19 

1.432 

.7484 

1.432 

.4409 

1.925 

.4333 

20 

1.417 

•  »is 

1.404 

.4448 

1.884 

.4397 

21 

1.404 

.7382 

1.387 

.7022 

1.M1 

.4437 

22 

1.391* 

.7427 

1.3a 

.7074 

1.820 

.4314 

23 

1.380 

.7444 

1.530 

•  7122 

1.741 

.43a 

24 

1.370 

.7704 

1.333 

.7144 

1.745 

.4419 

25 

1.340 

.7747 

1.318 

.7212 

1.741 

.6448 

24 

1.351 

.7783 

1.304 

.7253 

1.719 

.4713 

27 

1.343 

.7817 

1.491 

.7243 

1.498 

.4758 

28 

1.333 

.7844 

1.474 

.7331 

1.479 

.4800 

24 

1.327 

.7880 

l.a? 

.7347 

1.441 

.6441 

30 

1.321 

.7904 

1.437 

.7ai 

1.443 

.6880 

31 

1.314 

.7437 

1.447 

.7434 

1.429 

.6917 

32 

1.308 

.7444 

1.437 

.7447 

1.413 

.6953 

33 

1.302 

.7940 

1.428 

.7447 

1.401 

.6987 

34 

1.244 

.8013 

1.420 

.7324 

1.388 

.7020 

35 

1.291 

.8034 

1.412 

.7334 

1.378 

.7052 

34 

1.284 

.8042 

1.404 

.7382 

1.384 

.7083 

37 

1.281 

.8083 

1.347 

.7808 

1.353 

.7113 

38 

1.277 

.8104 

1.390 

.7133 

1.343 

.7141 

34 

1.272 

.8124 

1.383 

.7438 

1.333 

.7169 

40 

1.248 

.8148 

1.377 

.7481 

1.323 

.7197 

41 

1.244 

.8148 

1.371 

.7703 

1.513 

.7223 

42 

1.240 

.8184 

1.345 

.7727 

1.308 

.7248 

43 

1.257 

.8202 

1.340 

7748 

1.498 

.7273 

44 

1.253 

.8220 

1.355 

.7744 

1.440 

.7279 

45 

1.249 

.8237 

1.344 

.7784 

1.422 

.7320 

44 

1.2U 

.1233 

1.343 

.7404 

1.473 

.7142 

47 

1.243 

.1249 

1.340 

.7828 

1.4a 

.7)44 

48 

1.2a 

.8235 

1.333 

.7847 

1.482 

.7384 

44 

1.237 

.8300 

1.331 

.7844 

1.433 

.7407 

50 

1.234 

.8814 

1.327 

.7882 

1.449 

.7427 

Meyted  with  ^emUelon  fro*  Blosetrltu,  Vol.  47,  (I960),  fro*  ettlele  entitled  "Table  tot 
JUklag  Infererencet  About  the  Variance  of  a  NonMl  Distribution"  by  D.  V.  LLndlev,  D.A.  Lent, 
tad  P.A.  Mi—i  lton 
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nenu  rot  comma  thb-iob  coronet  inm  nm  ■ 


D«trM« 

•  • 

.03 

•  • 

01 

•  -  .001 

tumdam 

4.f. 

*0 

•i 

*B 

H 

*B 

•i 

31 

1.232 

.1229 

1.323 

.7999 

1.443 

.7444 

32 

l  .239 

.434) 

1.319 

.7919 

1.4)7 

.7449 

33 

1.224 

.4334 

1.319 

.7932 

l.Mt 

.7493 

B 

1.224 

.9370 

1.311 

.7949 

1.429 

.730) 

mm 

1.221 

.429] 

1.309 

.7944 

1.421 

.7321 

wm 

1.219 

.1299 

1.304 

.7979 

1.414 

.733* 

37 

.9409 

1.301 

.7994 

1.411 

.7339 

M 

.9420 

1.299 

.9009 

1.409 

.7373 

39 

ISlSfliM 

.9431 

1.295 

.9922 

l.*02 

.7399 

i 

.9443 

1.292 

■ 

1.397 

.7403 

•1 

.4434 

1.299 

1.393 

.JM1 

12 

.4443 

1.299 

1.399 

.7434 

43 

1.204 

.4473 

1.293 

1.393 

.7431 

44 

1202 

.4494 

1.290 

1.391 

.7449 

43 

1.200 

.4494 

1.277 

.4101 

1.377 

.7490 

44 

1.199 

.4304 

1.273 

.4113 

1.374 

.7494 

4 7 

1.197 

.4314 

1.272 

.9123 

1.379 

.7709 

49 

1.143 

.4329 

1.270 

.9137 

1.399 

.7722 

49 

1.194 

.4333 

1.249 

.41  a 

1.393 

.77)3 

70 

1.192 

.9144 

1.249 

.4139 

1.349 

.7749 

n 

1.199 

.9333 

1.243 

.9179 

1.339 

.7741 

n 

1.199 

.9342 

1.241 

.9191 

1.133 

.7774 

73 

1.147 

.4371 

1.239 

.9191 

1.330 

.7797 

74 

1.194 

.4390 

1.237 

.4202 

1.347 

.7799 

73 

1.194 

.4399 

1.233 

.4212 

1.344 

.  7411 

74 

1.199 

.4394 

1.233 

.4222 

1.341 

.7422 

77 

1.192 

.4404 

1.231 

.4232 

1.339 

.7434 

79 

1.191 

.4412 

1.249 

.4242 

1.339 

.7943 

74 

1.179 

.4420 

1.247 

.4232 

1.133 

.7434 

40 

1.179 

.4427 

1.2*3 

.4241 

1.330 

.7449 

41 

1.174 

.4433 

1.2*3 

.4270 

1.321 

.7979 

42 

1.174 

.4442 

1.2*1 

.1479 

1.323 

.7*99 

43 

1.174 

.4430 

1.239 

.4249 

1.323 

.7*99 

mm 

1.173 

.4437 

1.239 

.9297 

1.320 

.7909 

Kfl 

1.172 

.4444 

1.239 

.9303 

1.319 

.7920 

■9 

1.171 

.9471 

1.233 

.4314 

1.311 

.7930 

1.170 

.9474 

1.233 

.4322 

1.313 

.7939 

D 

1.149 

1.231 

.4331 

1.311 

.79*9 

WM 

1.147 

1.230 

.4339 

1.309 

.7939 

1 

1.144 

1.229 

.9349 

1.307 

.7949 

41 

1.143 

.4704 

1.227 

.4334 

1.309 

.7477 

42 

1.144 

.4710 

1.223 

.4392 

1.303 

.7997 

43 

1.14] 

.4714 

1.224 

.4370 

1.301 

.7994 

■1 

1.142 

.4722 

1.222 

.4377 

1.299 

.4004 

tti 

1.141 

.4729 

1.221 

.4393 

1.297 

.4013 

■s 

1.140 

.9734 

1.219 

.1392 

1.293 

.4022 

47 

1.139 

.47*1 

1.219 

.4399 

1.243 

.1031 

49 

1.139 

.17*4 

1.217 

.4404 

1.291 

.4039 

44 

1.139 

.4732 

1.214 

.4413 

1.290 

.4047 

100 

1.137 

.4737 

1.21* 

.4420 

1.249 

.4033 
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TABLE  B-13  continued 

CONFIDENCE  LIMITS  FOR  A  PROPORTION  (TWO  SIDED) 


n  -  29 

N  -  30 

90* 

951 

997. 

f 

902 

952 

99T 

.225- 

.537 

.211 

.587 

.165+ 

.646 

9 

.205+ 

.560 

.152 

.612 

.276 

7373+ 

.247 

.626 

.206 

.654 

[9 

.265- 

.554 

.236 

.597 

.198 

.655+ 

.294 

7STT- 

.251 

.  669 

.211 

.684 

EH 

.266 

357 

.244 

337 

.206 

.671 

.303 

'.653+ 

.299 

•  661 

.260 

T73T 

14 

.295- 

517 

.292 

.675+ 

.249 

.692 

.345- 

■  697 

.339 

.701 

.263 

.740 

15 

.336 

.324 

■  676 

.256 

.744 

.385+ 

.706 

.340 

.  749 

.316 

.789- 

16 

.376 

.705+ 

.325- 

.708 

.308 

*211 

.425- 

.724 

.374 

jh 

.346 

.794 

17 

.416 

.  734 

.364 

■  756 

.329 

.794 

.463- 

.  775+ 

.413 

.789 

.354 

.835- 

18 

.446 

.735+ 

.403 

.764 

.345- 

*m 

.500 

■  810 

.451 

■  816 

.397 

,94? 

19 

.476 

*221 

.440 

*221r 

.388 

*m 

.537 

.500 

.834 

.438 

20 

.508 

.817 

.476 

■  825- 

.430 

*222. 

.575+  .865+ 

.549 

.864 

.477 

.892 

21 

.545- 

■  818 

.524 

■  837 

.462 

*221 

.615- 

■  866 

.587 

*221 

.523 

.914 

22 

.584 

*m 

.560 

■  869 

.495- 

*221 

•  655+  *111 

.626 

*m 

.562 

211- 

23 

.624 

*121. 

.597 

*m 

.531 

.211 

.697 

*211 

.660 

.930 

.603 

*114. 

24 

.664 

*211 

.636 

*m 

.570 

*221 

.721 

.938 

.701 

*251 

.646 

.970 

25 

.705+ 

*212. 

.675+  *231 

.612 

*255+ 

.775+ 

.961 

.749 

.971 

.684 

.985- 

26 

.734 

.941 

.708 

.952 

.655+ 

.972 

.810 

.982 

.789 

.988 

.737 

.995- 

27 

.781 

.963 

.756 

.972 

.690 

.985+ 

.865+  .996 

.834 

■  998 

.789  1 

.000 

28 

.817 

.982 

.795- 

.988 

.744 

.995- 

.913 

L 

.897 

L 

.840 

1 

29 

.870 

■  996 

.837 

.998 

.794  l.OCO 

30 

.916 

1 

.900 

L 

.848 

L 

TUU  Ht 


KTP  3-1-005 
10  Jun*  1971* 
CRAIGS  1 


CO0IDBKI  LOOTS  TO*  A  ROIORIOI  (ORE-SIDED) 

If  tha  obaarvad  proportion  la  f/o,  aatar  tha  tibia  with  R  lad  f  for  aa  uppar 
oaa-aldad  Halt,  for  a  lowar  ona-sldad  Halt,  aatar  tha  tibia  with  R  and 
«  —  f  aad  subtract  tha  tahla  aatr j  from  1. 


□ 

-3 

93* 

3 

90* 

95* 

99*  | 

3 

90S  | 

93* 

99*  j 

0 

• 

_ “  *  3_ _ 1 

n  •  4  | 

0 

.684 

.776 

.900 

0 

.536 

.632 

.783- 

0 

.438 

.327 

.648 

1 

.949 

.975- 

.995- 

1 

.804 

.865- 

.941 

1 

.680 

.731 

.839 

2 

.963+ 

.983 

.997 

2 

.837 

.902 

.938 

1 

3 

.974 

.987 

.997 

0  •  3 

1 

_ Lll _ 1 

0 

.369 

.431 

.602 

0 

.319 

.393 

.536 

0 

.280 

.348 

.482 

1 

.384 

.657 

.778 

1 

.510 

.382 

.706 

1 

.453 

.521 

.643 

2 

.733 

.811 

.894 

2 

.667 

.729 

.827 

2 

.396 

.659 

.764 

3 

.888 

.924 

.967 

3 

.799 

.847 

.915+ 

3 

.721 

.775- 

.858 

* 

.979 

.990 

.998 

4 

.907 

.937 

.973 

4 

.830 

.871 

.929 

3 

.983 

.991 

.998 

5 

.921 

.947 

.977 

_ 

6 

.985+ 

_ 

.993 

.999 

0  ■  8 

o-9 

a  -  10 

0 

.230 

.312 

— 

.43* 

0 

.226 

.283 

.401 

3 

.206 

.239 

.369 

1 

.406 

.471 

.390 

1 

.368 

.429 

.344 

1 

.337 

.394 

.304 

2 

.338 

.600 

.707 

2 

.490 

.330 

.656 

2 

.430 

.307 

.612 

3 

.6334 

.711 

.802 

3 

.399 

.653+ 

.750 

3 

.352 

.607 

.703 

6 

.760 

.807 

.879 

4 

.699 

.749 

.829 

4 

.646 

.696 

.782 

3 

.833 

.889 

.939 

3 

.790 

.831 

.893- 

3 

.733 

.778 

.830 

6 

.931 

.934 

.980 

6 

.871 

.902 

.947 

6 

.812 

.850 

.907 

7 

.987 

.994 

.999 

7 

.939 

.959 

.983 

7 

.884 

.913 

.952 

8 

.988 

.994 

.999 

8 

.943+ 

.963 

.984 

9 

.990 

.995- 

.999 

1  0-11 

a  •  12 

i  a  -  13 

0 

.189 

.238 

.342 

0 

.173- 

.221 

.319 

0 

.162 

.206 

.298 

1 

.310 

.364 

.470 

1 

.287 

.339 

.440 

1 

.268 

.316 

.413 

2 

.415+ 

.470 

.572 

2 

.386 

.438 

.537 

2 

.360 

.410 

.506 

3 

.311 

.364 

.660 

3 

.475+ 

.327 

.622 

3 

.444 

.493- 

.388 

* 

.399 

.630 

.738 

4 

.359 

.609 

.698 

4 

.323 

.373 

.661 

3 

.682 

.729 

.806 

3 

.638 

.683- 

.763+ 

3 

.598 

.645+ 

.727 

6 

.739 

.800 

.866 

6 

.712 

.735- 

.825+ 

6 

.669 

.713 

.787 

7 

.831 

.865- 

.916 

7 

.781 

.819 

.879 

7 

.736 

,776 

.841 

8 

.893+ 

.921 

.957 

8 

.846 

.877 

.924 

8 

.799 

.834 

.889 

9 

951 

.967 

.986 

9 

.904 

.928 

.961 

9 

.658 

.887 

.931 

10 

.990 

.995+ 

.999 

10 

.953- 

.970 

.987 

10 

.912 

.934 

.964 

11 

.991 

.996 

.999 

11 

.958 

.972 

.988 

12 

.992 

.996 

.999 

j  n  -  14 

j  0  •  13 

|  a  -  16 

0 

.132 

.193 

.280 

0 

.142 

.181 

.264 

0 

.134 

.171 

.230 

1 

.231 

.297 

.389 

1 

.236 

.279 

.368 

1 

.222 

.264 

.349 

2 

.837 

.383+ 

.478 

2 

.317 

.363 

.453 

2 

.300 

.344 

.430 

3 

.417 

.466 

.537 

3 

.393 

.440 

.329 

3 

.371 

.417 

.303 

4 

.492 

.340 

.627 

4 

.464 

.511 

.597 

4 

.439 

.484 

.569 

3 

.363 

.610 

.692 

3 

.532 

.577 

.660 

3 

.504 

.  548 

.630 
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TABLE  B-15 


TABLE  OF  AXC  SINE  TRANSFORMATION  FOR  PROPORTIONS 
9  ■  2  are  aln 


e 


p 

6 

.50 

pi 

.51 

1 

.52 

1 

.53 

1.63 

.54 

1.65 

.55 

1.67 

.56 

1.69 

.57 

1.71 

.58 

1.73 

.59 

1.75 

.60 

1.77 

.61 

1.79 

.62 

1.81 

.63 

1.83 

.64 

1.85 

.65 

1.88 

.66 

1.90 

.67 

1.92 

.68 

1.94 

.69 

1.96 

.70 

1.98 

.71 

2.00 

.72 

2.03 

.73 

2.05 

.74 

2.07 

Fr°m 

Best  Available  Con, 


TABLE  B-21 


MTP  3-1-005 
10  Juxw  19T1* 
CHANGE  1 


FACTORS  FOR  DETERMINING  UPPER  CONFIDENCE  LIMIT 
FOR  THE  EXPONENTIAL  MEAN  LIFE 


d.f. 

.75 

.80 

.90 

.95 

.975 

.99 

1 

3.478261 

4.484305 

9.478673 

19.417476 

39.525692 

99.502488 

2 

2.083333 

2.424242 

3.773585 

5.625879 

8.264463 

13.468013 

3 

1.739130 

1.954397 

2.727273 

3.658537 

4.838710 

6.880734 

4 

1.577909 

1.742919 

2.292264 

2.930403 

3.669725 

4.848485 

5 

1.483680 

1.618123 

2.053388 

2.538071 

3.076923 

3.906250 

6 

1.421801 

1.536492 

1.904762 

2.294455 

2.727273 

3.361344 

7 

1.372549 

1.478353 

1.797176 

2.130898 

2.486679 

3.004292 

8 

1.344538 

1.428571 

1.718582 

2.010050 

2.315485 

2.753873 

9 

1.313869 

1.395349 

1.651376 

1.916933 

2.187120 

2.567760 

10 

1.290323 

1.369863 

1.612903 

1.834862 

2.085506 

2.421308 

11 

1.279070 

1.349693 

1.571429 

1.788618 

2.000000 

2.306080 

1  12 

1.263158 

1.325967 

1.528662 

1.739130 

1.935484 

2.201835 

13 

1.250000 

1.313131 

1.502890 

1.688312 

1.884058 

2.131148 

14 

1.233*80 

1.296296 

1.481481 

1.656805 

1.830065 

2.058824 

13 

1.224490 

1.282051 

1.456311 

1.621622 

1.785714 

2.000000 

16 

1.212121 

1.274900 

1.434978 

1.592040 

1.748634 

1.951220 

17 

1.205674 

1.263940 

1.416667 

1.566820 

1.717172 

1.910112 

18 

1.200000 

1.254355 

1.406250 

1.545064 

1.690141 

1.875000 

19 

1.191225 

1.245902 

1.391941 

1.526104 

1.679389 

1.835749 

20 

1.186944 

1.238390 

1.374570 

1.509434 

1.639344 

1.801802 

21 

1.179775 

1.228070 

1.363636 

1.494662 

1.615385 

1.772152 

22 

1.176471 

1.222222 

1.353846 

1.476510 

1.594203 

1.752988 

23 

1.170483 

1.216931 

1.345029 

1.464968 

1.575342 

1.722846 

24 

1.167883 

1.212121 

1.337047 

1.450151 

1.558442 

1.702128 

25 

1.162791 

1.207729 

1.326260 

1.436782 

1.543210 

1.683502 

26 

1.158129 

1.200924 

1.319797 

1.428571 

1.529412 

1.666667 

27 

1.156317 

1.197339 

1.310680 

1.417323 

1.516854 

1.646341 

28 

1.152263 

1.191489 

1.305361 

1.407035 

1.505376 

1.632653 

29 

1.148515 

1.188524 

1.297539 

1.397590 

1.494845 

1.615599 

30 

1.145038 

1.185771 

1.290323 

1.388889 

1.481481 

1.600000 

Multiply  factors  of  this  table  by  estimated  mean  time  between  failures  for 
the  upper  confidence  limit. 
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TABLE  B-22 


EXPONENTIAL 


X 

0 

1 

2 

3 

.00 

1.0000 

.9990 

.9980 

.9970 

.01 

.9900 

.9890 

.9980 

.9870 

.02 

.9802 

.9792 

.9782 

.9773 

.03 

.9704 

.9695 

.9685 

.9675 

.04 

.9608 

.9598 

.9589 

.9579 

.05 

.9512 

.9503 

.9493 

.9484 

.06 

.9418 

.9408 

.9399 

.9389 

.07 

.9324 

.9315 

.9305 

.9296 

.08 

.9231 

.9222 

.9213 

.9204 

.09 

.9139 

.9130 

.9121 

.9112 

.10 

.9048 

.9039 

.9030 

.9021 

.11 

.8958 

.8949 

.8940 

.8932 

.12 

.8869 

.8860 

.8851 

.8843 

.13 

.8781 

.8772 

.8763 

.8755 

.14 

.8694 

.8685 

.8676 

.8668 

.15 

.8607 

.8598 

.8590 

.85*1 

.16 

.8521 

.8513 

.8504 

.8496 

.17 

.8437 

.8428 

.8420 

.8411 

.18 

.8353 

.8344 

.8336 

.8328 

.19 

.8270 

.8261 

.8253 

.8245 

.20 

.8187 

.8179 

.8171 

.8163 

.21 

.8106 

.8098 

.8090 

.8082 

.22 

.8025 

.8017 

.8009 

.8001 

.23 

.7945 

.7937 

.7929 

.7922 

.24 

.7866 

.7858 

.7851 

.7843 

.25 

.7788 

.7780 

.7772 

.7765 

.26 

.7711 

.7703 

.7695 

.7687 

.27 

.7634 

.7626 

.7619 

.7611 

.28 

.7558 

.7550 

.7543 

.7535 

.29 

.7483 

.7475 

.7468 

.7460 

.30 

.7408 

.7401 

.7393 

.7386 

.31 

.7334 

.7327 

.7320 

.7312 

.32 

.7261 

.7254 

.7247 

.7240 

.33 

.7189 

.7182 

.7175 

.7168 

.34 

.7118 

.7111 

.7103 

.7096 

.35 

.7047 

.7040 

.7033' 

.7026 

.36 

.6977 

.6970 

.6963 

.6956 

.37 

-  .6907 

.6900 

.6994 

.6887 

.38 

.6839 

.6832 

.6825 

.6818 

.39 

.6771 

.6764 

.6757 

.6750 

FUNCTION:  • 


4 

5 

6 

7 

8 

.9960 

.9950 

.9940 

.9930 

.9920 

.9860 

.9851 

.9841 

.9831 

.9821 

.9763 

.9753 

.9743 

.9734 

.9724 

.9665 

.9656 

.9646 

.9637 

.9627 

.9570 

.9560 

.9550 

.9541 

.9531 

.9474 

.9465 

.9455 

.9446 

.9436 

.9380 

.9371 

.9361 

.9352 

.9343 

.9287 

.9277 

.9268 

.9259 

.9250 

.9194 

.9185 

.9176 

.9167 

.9158 

.9103 

.9094 

.9085 

.9076 

.9066 

.9012 

.9003 

.8994 

.8985 

.8976 

.8923 

.8914 

.8905 

.8896 

.8887 

.8834 

.8825 

.8816 

.8807 

.8799 

.8746 

.8737 

.8728 

.8720 

.8711 

.8659 

.8650 

.8642 

.8633 

.8624 

.8573 

.8564 

.8556 

.8547 

.8538 

.8487 

.8479 

.8470 

.8462 

.8454 

.8403 

.8395 

.8386 

.8378 

.8369 

.8319 

.8311 

.8303 

.8294 

.8286 

.8237 

.8228 

.8220 

.8212 

.8204 

.8155 

.8146 

.8138 

.8130 

.8122 

.8073 

.8065 

.8057 

.8049 

.8041 

.7993 

.7985 

.7977 

.7969 

.7961 

.7914 

.7906 

.7898 

.7890 

.7882 

.7835 

.7827 

.7819 

.7811 

.7804 

.7757 

.7749 

.7741 

.7734 

.7726 

.7680 

.7672 

.7664 

.7657 

.7649 

.7603 

.7596 

.7588 

.7581 

.7573 

.7528 

.7520 

.7513 

.7505 

.7498 

.7453 

.7445 

.7438 

.7430 

.7423 

.7379 

.7371 

.7364 

.7357 

.7349 

.7305 

.7298 

.7291 

.7283 

.7276 

.7233 

.7225 

.7218 

.7211 

.7204 

.7161 

.7153 

.7146 

.7139 

.7132 

.7096 

.7089 

.7082 

.7075 

.7068 

.7019 

.7012 

.7005 

.6998 

.6991 

.6949 

.6942 

.6935 

.6928 

.6921 

.6880 

.6873 

.6866 

.6859 

.6852 

.6811 

.6805 

.6798 

.6791 

.6784 

.6744 

.6737 

.6730 

.6723 

.6717 

2-130 


9 

.9910 

.9811 

.9714 

.9618 

.9522 

.9427 

.9333 

.9240 

.9148 

.9057 

.8967 

.8878 

.8790 

.8702 

.8616 

.8530 

.8445 

.8361 

.8278 

.8195 

.8114 

.8033 

.7953 

.7874 

.7796 

.7718 

.7641 

.7565 

.7490 

.7416 

.7342 

.7269 

.7196 

.7125 

.7054 

.6983 

.6914 

.6845 

.6777 

.6710 
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